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LETTER  OF  TRANSMITTAL. 


U.  S.  DePAKTMENT  OV  A(iKICUVrURE, 

Office  of  Experiment  Stations, 
Was/nn(yto7i,  D.  C,  Noverriber  1906. 

Sir  :  I  have  the  honor  to  transmit  herewith  a  report  giving  the 
results  of  experiments  covering  several  years,  made  for  the  purpose  of 
determining  the  amount  of  water  lost  by  evaporation  from  irrigated 
soils,  and  the  extent  to  which  tliese  losses  can  be  avoided  by  improve- 
ments in  methods  of  applying  water  and  by  subsequent  cultivation  of 
the  soil.  This  work  was  done  by  the  Irrigation  and  Drainage  Investi- 
gations of  this  Office,  in  cooperation  with  the  State  of  California, 
being  caiTied  on  by  Samuel  Fortier,  under  the  direction  of  Dr. 
Elwood  Mead,  chief  of  Irrigation  and  Drainage  Investigations. 

The  report  gives  (juantitative  statements  of  the  losses  of  water,  and 
by  calling  attention  to  their  magnitude  should  etl'ect  a  saving  of  water 
now  lost,  and  make  possible  a  considerable  extension  of  the  irrigated 
areas  where  the  water  supply  is  limited. 

It  is  recommended  that  this  report  be  printed  as  a  bulletin  of  this 
Office. 

Respectfully,  A.  C.  True, 

Director. 

Hon.  James  Wilson, 

Secrctdri/  of  Acjrlciiltiire. 
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EVAPORATION  LOSSES  IN  IRRIGATION. 


INTRODUCTION. 

Investigations  have  been  cai-ried  on  for  a  number  of  years  by  the 
Oftice  of  Experiment  Stations  of  the  United  States  Department  of 
Agriculture  for  tlie  i)urpose  of  determining  tlie  extent  of  the  chief 
losses  to  which  irrigation  water  is  subjected.  These  studies  have  em- 
braced the  evaporation,  percolation,  and  leakage  losses  from  eai'then 
channels,  and  the  loss  of  water  caused  by  faulty  and  crude  methods 
of  distribution,  by  unskilful  application,  and  by  negligence  in  not 
properly  preparing  the  land  to  receive  water.  The  data  already 
collected  point  to  the  conclusion  that  at  least  one-half  of  the  water 
which  is  taken  from  natural  streams  is  lo<t  in  one  or  more  of  the  ways 
named.  This,  however,  does  not  include  the  water  evaporated  from 
cultivated  and  cropt  fields,  for  the  reason  that  there  was  no  re- 
liable information  on  Avhich  to  base  conclusions.  The  purpose  of  the 
experiments  herein  reported  was  to  d('t(>rmine  not  only  the  evapora- 
tion losses  but  remedies  which  would  lessen  these  losses. 

These  investigations  have  formed  part  of  the  cooperative  work  in 
irrigation  which  has  been  carried  on  for  several  years  by  the  Office  of 
Exi^eriment  Stations  and  the  State  of  California.  While  they  have 
been  undertaken  chiefly  for  the  benefit  of  irrigators  in  California,  it 
is  hoped  the  results  will  prove  of  benefit  to  others  in  bringing  about 
a  more  economical  use  of  water  and  at  the  same  time  increasing  the 
value  of  soil  products. 

The  writer  also  hopes  that  the  results  will  shed  additional  light  on 
the  subject  of  extending  irrigation  in  the  semiarid  portion  of  the 
West,  where  the  water  supply  is  limited  in  volume  and  where  agri- 
culture is  likely  to  be  a  combination  of  a  small  area  irrigated  with  a 
larger  area  cultivated  without  irrigation.  Here  the  conservation  of 
'  moisture,  whether  supplied  by  rainfall  or  by  irrigation,  is  the  funda- 
mental agricultural  necessity. 

The  writer  gratefully  acknowledges  his  indebtedness  for  valuable 
assistance  in  conducting  the  experiments  to  the  following  persons: 
During  the  latter  part  of  1903  and  the  summer  months  of  1904,  much 
of  the  field  work  was  in  charge  of  Arthur  P.  Stover,  irrigation  engi- 
neer; J.  E.  Roadhouse,  instructor  in  irrigation  in  the  Polytechnic 
School  of  San  Luis  Obispo,  Cal.,  was  in  charge  of  the  field  experi- 
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ments  in  irrigation  at  Riverside  during  June  and  July,  1905,  and 
was  succeeded  by  O.  W.  Bryant,  and  Frank  Adams,  irrigation  engi- 
ner,  has  not  only  taken  charge  of  a  part  of  the  crops  grown  in  tanks, 
but  has  also  assisted' in  the  compilation  of  the  data  and  the  prepara- 
tion of  parts  of  this  report. 

SITES  AND  EQUIPMENT. 

In  conducting  experiments  on  evaporation  losses  in  irrigation  the 
chief  difficulty  is  in  securing  natural  conditions.  Laboratory  tests 
are  easily  made,  but  the  evaporation  from  soils  in  the  artificial 
surroundings  of  a  laboratory  is  likely  to  be  quite  different  from  that 
from  similar  soils  in  the  open  field.  On  this  account  it  was  decided, 
when  the  work  was  first  planned  in  1903,  to  conduct  all  experiments 
in  the  open  field. 

An  imjDortant  consideration  in  the  selection  of  sites  was  to  secure 
the  services  of  reliable  men  for  short  periods  each  day  Avho  would 
make  and  record  the  necessary  observations.  It  was  largely  on  this 
account  that  an  equipment  was  purchased  and  installed  at  the  sub- 
station of  the  University  of  California,  located  near  Tulare,  Cal.,  and 
another  at  the  substation  near  Pomona',  Cal.  The  former  Avas  in 
charge  of  Julius  Forrer,  and  the  latter  during  1903  Avas.  in  charge  of 
J.  W.  Mills,  Avho  was  succeded  by  J.  H.  Barber.  Berkeley  was  se- 
lected as  one  of  the  stations  at  Avhich  eA^aporation  experiments  AA'ere  to 
be  made  on  account  of  its  nearness  to  the  California  office  of  Irriga- 
tion and  Drainage  Investigations  of  the  Office  of  Experiment  Sta- 
tions. The  station  in  the  Sacramento  Valley  was  located  first  at  the 
Forestry  substation,  but  was  subsequently  removed  to  the  plant- 
introduction  garden  of  the  Bureau  of  Plant  Industry,  near  Chico. 
In  the  spring  of  1905,  the  Arlington  Heights  Fruit  Company,  of 
Riverside,  Cal.,  AA'hich  oAvns  about  2,000  acres  in  bearing  citrus  trees, 
offered  to  set  aside  block  58,  containing  10  acres,  for  experiments  in 
irrigation.  Their  offer  AA'as  accepted,  and  it  was  on  this  site  that  the 
tank  experiments  at  Riverside  Avere  carried  on.  The  same  company 
also  provided  temporary  offices,  a  laboratory,  and  other  equipment 
free  of  charge. 

The  plan  folloAved  in  determining  the  rate  and  amount  of  evapora- 
tion from  soil  surface  Avas  to  remove  from  a  field  300  to  1,300  pounds 
of  soil,  place  it  in  a  vessel  as  nearly  as  practicable  in  its  natural 
position,  and  by  periodical  Aveighings  ascertain  the  loss  of  moisture 
from  the  poll. 

Iii  seeking  to  secure  natural  conditions  for  the  earth  which  Avas  placed 
Avithin  the  tanks,  typical  soil  and  free  exposure  to  sunshine,  wind,  and 
rain  AA'ere  easily  obtained,  but  it  AA'as  more  difficult  to  maintain  in  the 
roil  within  the  tanks  the  same  temperature  as  that  in  adjacent  soil. 


U.  S.  Dept.  of  Agr..  Bui.  177,  Office  of  Expt.  Stations.    Inig.  and  Drain,  Invest. 


Plate  I. 


Apparatus  for  Lifting  and  Weighing  Tanks. 
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Plate  II. 


Fig.  2.— Method  of  Applying  Water  to  Tanks. 
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While  experimenting  along  this  line  in  Utah  and  Montana  the 
writer  first  used  single  tanks  sunk  into  the  ground  to  the  level  of  the 
surface  and  afterwards  the  same  kind  of  a  vessel  placed  inside  a  larger 
but  shorter  vessel  which  contained  water.  In  the  first  the  temperature 
of  the  soil  was  too  high  and  the  second  was  inconvenient  to  weigh. 
The  smaller  tanks  used  in  the  California  Avork  are  shown  in  Plate  I 
and  were  designed  by  A.  P.  Stover.  The  outer  tank  is  a  plain  cyl- 
indrical vessel  made  of  galvanized  iron,  about  19  inches  in  diameter 
and  30  inches  long.  It  was  placed  in  the  ground  on  a  level  with  the 
surface  and  moist  earth  tamped  around  it.  The  spacing  between 
these  outer  tanks  was  usually  4  feet.  On  the  inner- tank,  which  was 
17  inches  in  diameter  and  30  inches  long,  a  flange  was  riveted  some 
2|  inches  from  the  top.  When  the  outer  tank  was  jjarty  filled  with 
water  and  the  inner  tank  placed  within  it,  the  flange  of  the  latter 
rested  on  the  top  of  the  former.  Water  could  be  poured  into  the 
annular  space  thru  a  half-inch  hole  made  in  each  flange. 

The  chief  advantage  in  using  double  water-jacketed  tanks  was  in 
lowering  the  temperature  of  the  soil  in  the  tanks.  The  results  of 
luimerous  observations  showed  that  the  temperature  of  the  water 
which  was  confined  in  the  space  Ix'tween  the  outer  and  inner  vessels 
was  practically  the  same  as  that  of  the  adjacent  soil  which  had  not 
been  disturbed.  The  ease  with  which  a  tank  could  be  raised,  weighed, 
and  lowered  was  another  advantage  of  water-jacketed  tanks.  Two 
lugs  were  riveted  to  each  of  the  inner  tanks,  in  which  a  bale  was 
inserted.  A  scale  was  placed  above,  and  the  whole  raised  by  means 
of  a  derrick  and  a  differential  pulley  block  (PI.  I). 

The  water- jacketed  tanks  designed  later  by  the  writer  for  the 
Kiverside  experiments  were  of  the  following  dimensions:  Inner  23^ 
by  47  inches  and  outer  '26  by  47  inches.  The  weights  were  deter- 
mined by  placing  the  tanks  on  a  platform  scale  resting  on  a  Axooden 
ti-ack.  The  location  of  these  tanks  in  the  orchard,  the  platform 
scale,  wooden  track,  and  derrick  are  shown  in  Plate  II,  figure  1. 

INFLUENCE  OF  CULTIVATION  AFTER  IRRIGATION. 

The  belief  that  soil  should  be  cultivated  after  it  is  irrigated  is 
quite  general  among  western  farmers  and  orchardists,  but  is  not 
very  generally  put  in  practise.  This  applies  to  orchards  and  vine- 
yards and  to  all  crops  that  require  cultivation  at  intervals.  By  cul- 
tivation the  condition  of  the  soil  is  improved  and  the  available 
moisture  conserved,  and  the  main  purpose  of  the  experiments  to  be 
described  was  to  determine  how  much  water  is  lost  by  neglecting  to 
cultivate  after  each  irrigation.  It  was  arranged  so  as  to  bring 
out  two  points:  (1)  The  amount  of  water  evaporated  from  the  sur- 
face of  soil  fioni  the  time  water  is  first  applied  until  it  is  fit  to 

1. '52.55— (17  M  2 
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cultivate,  and  (2)  the  losses  by  evaporation  from  cultivated  and 
uncultivated  soils  which  have  been  previously  irrigated. 

FIRST  EXPERIMENT. 

The  site  selected  for  the  experiment  was  the  southwest  corner  of 
block  58,  Arlington  Heights  Fruit  Company,  located  on  Arlington 
Heights,  about  6  miles  from  the  city  of  Riverside,  Cal.  Eight 
water- jacketed  tanks  were  used,  the  inner  tank  of  each  set  being  23| 
inches  in  diameter  and  47  inches  deep.  This  held  from  1,000  to  1,200 
pounds  of  soil.  A  trench  30  inches  wide  w^as  dug  midway  between 
two  rows  of  orange  trees,  and  in  this  the  tanks  Avere  placed  -1  feet 
apart.  The  top  of  the  outer  tank  Avas  slightly  below  and  that  of  the 
inner  slightly  above  the  natural  surface  of  the  ground.  Water  of 
the  same  temperature  as  the  adjacent  earth  was  then  poured  into  the 
outer  tanks.  The  soil  used  to  fill  the  tanks  was  taken  from  block  58 
and  is  thus  described  by  Dr.  E.  H.  Loughridge,  of  the  UniA^ersity  of 
California : 

The  soil  is  a  sandy  loam  of  good  texture,  more  or  less  micaceous  and  granitic 
in  origin,  being  derived  from  the  hills  on  the  south,  in  which  are  great  mas.ses  of 
granite  composed  of  quartz,  orthoclase  feldspar,  and  biotite  or  black  mica.  The 
soil  is,  thruout  the  tract,  imderlaid  by  a  highly  micaceous  and  more  or  less 
gritty  loam  at  depths  varying  from  2  to  .5  feet,  as  was  shown  by  the  preliminary 
examination.  The  grit  consisted  of  small  fragments,  partly  granitic,  with  its 
minerals  still  intact,  and  of  single  grains  of  feldspar  and  quartz  loosened  from 
the  rock  by  weathering  agencies.  It  is  irregularly  distributed,  sometimes  in 
pockets  or  small  bodies  of  little  else  than  grit  inclosed  in  the  loam,  sometimes 
occurring  sparingly  in  the  loam.  Occasional  pieces  the  size  of  gravel  of  either 
granite,  quartz,  or  feldspar  were  inet  with  in  the  examination.  Still  deeper 
down  this  mixt  loam  and  grit  is  underlaid  by  a  bed  of  almost  pure  grit  of  the 
same  character,  and  reaching  in  i)laces  many  feet  in  thickness. 

Care  Avas  taken  to  have  the  different  layers  of  soil  occupy  the  same 
relative  position  Avithin  the  tanks  that  they  had  in  the  orchard,  and. 
the  proper  degree  of  compactness  Avas  obtained  by  lightly  tamping 
each  2-inch  layer.  Four  samples  of  soil  taken  from  each  tank  shoAved 
that  there  Avas  no  free  Avater  in  the  top  foot  and  that  it  varied  from 
5  to  7  per  cent  thruout  the  balance  of  the  soil. 

In  applying  the  Avater  after  the  initial  Aveights  had  been  taken,  the 
intention  Avas  to  imitate  orchard  practise  by  making  a  f  urroAV  4  inches 
deep  across  the  top  of  each  tank  and  permitting  the  usual  amount  of 
Avater  to  trickle  into  it  from  the  faucet  of  a  10-gallon  oil  can,  as  is 
shown  in  Plate  II,  figure  2.  In  gaging  the  faucets  too  much  Avater 
Avas  allowed  to  pass,  and  in  ten  hours  15  gallons  of  Avater  had  been 
absorbed  by  the  earth  in  each  tank.  The  plan  was  not  to  use  more 
than  this  in  forty-eight  hours,  and  in  order  to  keep  the  furroAVs  moist 
more  Avater  Avas  added.  Each  tank  received  172  to  202  pounds  of 
Avater,  Avhich  corresponded  to  depths  over  the  surface  of  11  to  13 
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inches.  The  tanks  were  ■weighed  for  the  first  time  July  13,  and  after- 
wards on  July  14.  15,  IT,  and  18  and  the  evaporation  losses  for  each 
period  computed.  On  July  14,  or  twentj'^-fonr  hours  after  the  first 
water  had  been  supplied,  the  soil  was  saturated,  hut  on  July  18  it  was- 
found  to  be  sufficiently  dry  to  be  cultivated,  and  on  that  date,  or  five 
days  after  the  beginning  of  the  experiment,  the  soil  in  alternate  tanks 
was  cultivated  to  a  depth  of  G  inches.  The  Aveighings  were  then  con- 
tinued on  July  20,  21,  22,  and  24:,  or  for  a  period  of  six  days,  making 
eleven  days  in  all.   The  results  were  as  follows : 

i: ra imnit ion  losses  from  hare  soils  neiir  Riverside.  Cal..  for  the  first  fire  dai/s 

after  irrigation. 


No.  of 
tank. 

Initial 
weight  of 
tank  and 
soil. 

Water 
added. 

Evaporation  losses. 

First  day. 

Second 
day. 

Third 
and 
fourth 
days. 

Fifth 
day. 

Total  in  five  days. 

Pounds. 

Pounds. 

Pounds. 

Poimds. 

Pounds. 

Pounds. 

Pounds. 

Inches. 

Per  cent. 

1  

1,054.00 

202. 50 

11.25 

b.  75 

9. 00 

2. 75 

28. 75 

1.83 

14.2 

2  

1, 028. 00 

188. 50 

11.25 

3.75 

8. 50 

3. 25 

26.75 

1.70 

14.2 

1, 047. 00 

196. 00 

12. 75 

S.  25 

9. 25 

3. 25 

31.  .50 

2.01 

16.1 

i 

1, 043. 2.T 

177. 25 

11.25 

5. 75 

10. 25 

3.00 

30.25 

1.93 

17.1 

5  

1,0.5«.00 

192. 00 

.    6. 75 

5.75 

7.  .50 

3. 75 

23.  75 

1..51 

12.4 

6  

1,000.  25 

171. 80 

11.50 

3.  .50 

8.  .50 

4.  .50 

28.00 

1.78 

16.3 

7  

l,0fi4.50 

178. 25 

9. 25 

3.50 

9.50 

3.75 

26. 00 

1.66 

14.6 

8  

1,016.  50 

176. 00 

10.50 

4.50 

8.00 

3.50 

26.50 

1.69 

15.1 

Evaporation  from  hare  soils  near  Riverside,  Cat.,  from  the  si.rth  to  the  elev- 
enth (Jny  after  irrif/ation  on  both  ciiltirated  and  uneiiltirated  soils. 


SOIL  CULTIVATED  i!  INCHES  DEEP. 


No.  of 
tank. 

Initial 
weight  of 
tank  and 
soil. 

Water 
added. 

Evaporation  losses. 

Si.xth 
and 
seventh 
days. 

Eighth 
day. 

Ninth 
day. 

Tenth 
and 
eleventh 
days. 

Total  in  six  days. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Inches. 

Per  cent. 

1,028.00 

188. 50 

6.00 

2.00 

0..50 

2.00 

10.50 

0.67 

5.6 

4  

1,043. 25 

177.25 

.5.00 

1.25 

1.25 

2.  .50 

10.00 

.64 

5.6 

6  

1,000. 25 

171.80 

4.25 

1.75 

1.25 

1..50 

8. 75 

..5fi 

5. 1 

8  

1,016.50 

176. 00 

5.  75 

2.00 

1.25 

2.00 

11.00 

.70 

6.3 

SOIL  NOT  CULTIVATED. 


1 

1, 054. 00 

202.50 

6.50 

3.25 

3.50 

10,00 

23.25 

1.48 

11.4 

3  

1.047.00 

.  195.00 

7. 25 

2.25 

3. 75 

8.75 

22.00 

1.40 

11.3 

1,0.56.00 

192.00 

10.75 

2.50 

2. 00 

6.25 

21.  50 

1.37 

11.2 

7  

1, 064.  .50 

178.25 

7.25 

2.75 

.3.00 

7. 25 

20.25 

1.29 

11.3 

The  losses  in  each  pair  of  tanks  were  nearly  equal  for  the  first  five 
days,  or  until  after  the  top  soil  in  one-half  the  number  was  cultivated, 
but  after  July  18  and  up  to  the  end  of  the  experiment  on  July  24  the 
loss  of  soil  moisture  in  the  uncultivated  tanks  was  much  greater  than 
in  the  cultivated  tanks.  In  more  general  terms,  the  dry,  sandy  loam 
of  an  orchard  w^as  heavily  irrigated  by  the  furrow  method  and  in 
five  days  of  summer  weather,  in  which  the  thermometer  during  the 
day  averaged  81.2°,  the  average  loss  by  evaporation  from  eight  tests 
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was  15  per  cent  of  the  amount  applied.  After  this  date  the  soil  in 
one-half  the  tanks  was  untouched.  Of  the  amount  of  moisture  sup- 
plied by  irrigation  an  average  of  5.7  per  cent  was  lost  in  six  days 
from  the  cultivated  tanks,  and  an  average  of  11.3  per  cent  from  the 
micultivated  tanks.  The  same  results  are  shown  graphically  in 
figure  1,  in  which  toiis  per  acre  are  substituted  for  pounds  per  tank. 


Time  after  Irr/gaf ion  /'n  Days 


/  o       /  / 


Fig.  1. — Diagram  showing  tlie  saving  of  water  resulting  from  cultivation. 

That  these  results  may  be  more  readily  applied  to  other  j^ortions  of 
arid  America,  a  fairly  complete  set  of  temperature  observations  Avas 
taken  morning,  noon,  and  evening,  a  summary  of  which  is  contained 
in  the  table  following.  The  temperature  of  the  water  refers  to  the 
surface  of  the  water  in  the  evaporation  tanks  and  the  shaded  soil 
refers  to  those  portions  of  the  surface  which  were  shaded  by  orange 
trees. 

T('))ijH'niinrc  near  Rirentide,  CaL.  Juhj  ll-2Ji.  l!)0o. 


Date. 


Air  in 
shade. 


Soil. 


In  .shade.  In  sun. 


Water. 


Moist 
soil. 


Remarks. 


.July  11:                                       1  °F. 

12  m  i  82 

5  p.  m   79 

July  12: 

8.30  a.  m   65 

12  m  I  80 

5  p.  m  !  78 

Julv  13: 

8.30  a.  m  '  63i 

12  m   78 

.5  p.  m   81 

July  14: 

8.30  a.  m  '  67i 

1  p.  m  '  774 

5  p.  m   75j 

.Tuly  15: 

8.30  a.  m   77i 

12  m   S3 

5  p.  m  I  82i 


■70i 
78 
84 

70 


72i 
75i 


82 
91 


°F. 
129 
103i 

73h 
125 
96 

71 
121 
94 

76 
102 
94 


130 
107 


86 
81 


79 

73 
80 
78i 

73i 

78 

75 

74i 

S6 

78 


95 
73 


76i 


80 
75i 

79 
89 
75i 


Cool  breeze. 
Do. 

Mi.sty:  fog. 

Cool  breeze. 

Foggy. 


Do. 
Pog  clouds. 


Clear. 
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'I'cin iicnil lire  near  Ix  i rcrsiili-.  CiiL.  .Iiihi   lt-.!'i.    I'.HI.'t — CouUiiikmI. 


Date. 

Air  in 
sliftdc. 

So 

In  .shade. 

il. 
In  sun. 

Water. 

Moist 
soil. 

Remarks. 

-  - 

°F. 

F. 

.Tiily  K;  

July  17: 

8.30  a.  m  

61 

65 

654 

72 

6/ 

12  m  

77i 

734 

122 

82 

92 

6  p.  m  

80j 

80 

96 

78 

78 

Breeze. 

July  18: 

8.30  }i.  m  

63 

67 

/2 

/I 

68 

Hlgli  lOK. 

12  m  

75 

122 

824 

964 

5  p.  m  

80 

80 

102 

78 

74 

July  19: 

8,30  a.  Ill  

63 

67 

67 

71 

69 . 

Misty. 

12  111  

83 

77 

126 

83 

954 

5  p.  Ill  

834 

84 

104 

794 

744 

July  20: 

8.30  n.  ni  

(>(> 

71 

76 

71 S 

72 

High  log. 

90 

85 

136 

874 

103 

.5  p.  ju  

904 

90 

110 

82 

July  21: 

8.30  a.  m  

63 

(i7 

68 

71 

69 

Misty. 

12  111  

96 

78 

102 

84 

96 

Breeze. 

.')  ]).  Ill  

86 

85 

92 

78 

.82 

July  22: 

8.30  a.  m  

74 

73 

88 

75 

Clear. 

12  m   

94 

89 

138 

88 

97 

Breeze. 

5  p.  Ill 

88 

93 

100 

78 

85 

Do. 

July  23: 

8.30  a.  Ill  

78 

71 

86 

74 

79 

Clear. 

12  HI  .   

94 

87 

12li 

.SO 

n\ 

.'■> )).  HI  

90 

97 

100 

78 

76 

July  21: 

8.30  a.  Ill  

76 

70 

82 

73 

(w 

Do. 

12111  

96 

89 

109 

82 

90 

90 

894 

108 

81 

79 

Do. 

SECOND  EXPERIMENT. 


Owing  to  the  large  amount  of  water  which  was  applied  in  the  first 
exiDeriment  it  was  decided  to  repeat  the  experiment,  but  to  use  less 
water.  Accordingly,  on  September  23,  1905,  the  same  eight  tanks 
were  filled  with  similar  soil,  the  free-moisture  content  of  which 
av^eraged  8.11  per  cent.  From  3  to  i  inches  of  dry  soil  mulch  was 
placed  on  the  surface  of  each  and  the  water  applied  as  in  the  previous 
experiment  to  a  l-inch  furrow  from  the  faucet  of  a  10-gallon  can, 
each  tank  receiving  125.26  pounds.  The  water  ran  continuously  from 
3  p.  m.  September  23  to  5  p.  in.  September  24,  and  from  9  a.  in.  to 
3.30  p.  m.  Sej^tember  25.  On  the  morning  of  September  24  all  the 
surface  soil  in  each  tank  was  moist.  It  dried  out  to  some  extent 
during  the  day,  but  was  again  moist  the  next  morning.  During  the 
afternoon  of  September  20  the  tanks  were  weighed  a  second  time  and 
the  losses  during  the  three-day  interval  ascertained.  Immediately 
after  weighing,  alternate  tanks  were  leveled  and  cultivated  to  a  depth 
of  G  inches.  The  tanks  were  weighed  for  the  third  and  last  time 
on  September  29. 

The  condition  of  the  weather  while  this  experiment  was  being  made 
was  similar  to  that  during  the  former  experiment,  but  in  order  that 
a  comparison  may  be  made  of  the  various  temperatures,  the  follow- 
ing table  is  inserted. 
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'I'cm [t(  i-(tl arcs  near  Riverside,  CuL.  Scpl aiiher  2Ji-2'J.  1905. 


Date. 

Air. 

Soil. 

(.sun). 

IMoi'St 
soil. 

Remarks. 

In  sbade. 

In  sun. 

In  shade. 

In  sun. 

September  'Zi: 

°F. 

°P. 

°F. 

°F. 

°F. 

°F. 

8  a.  m  

Tii 

m 

'm 

89 

71 

79 

Clear. 

1  p.  m  

94 

lOOi 

93 

1136 

865 

93 

Clear;  light  breeze. 

5  p.  m  

82 

82i 

83i 

90 

76 

75 

Clear. 

September  25: 

8  a.  m  

72 

77i 

65 

87 

70 

64 

Do. 

1  p.  m  

93i 

99 

92 

130 

85 

88 

Do. 

5  p.  m  

82 

83 

83 

90i 

75i 

74 

Do. 

September  2(1: 

8  a.  m  

71 

78i 

64 

86 

69^ 

65 

Do. 

1  p.  m  

97 

lOOi 

93 

130 

88 

85^ 

Clear:  light  Ijreeze. 

5  p.  m  

83 

84 

84 

92 

85 

83 

Clear. 

September  27: 

8  a.  m  

66 

77 

62 

80 

68i 

68i 

Do. 

1.15  p.  m  

89 

92i 

87 

116 

81i 

88i 

Clear;  light  breeze. 

5  20  p  m 

7U 

73 

81 

82 

73 

72- 

Clear. 

September  28: 

8  a.  m  

62i 

65^ 

68 

781 

69i 

66 

High  fog. 

1  p.  m  

75 

84 

84 

98 

73i 

78i 

Cloudy. 

5  p.  m  

66 

67 

73 

75i 

72i 

65' 

Very  cloudy. 

September  29: 

S  a.m  

59i 

67i 

54i 

76i 

64i 

55i 

Clear. 

1  p.  m  

5  p.m  

At  8  a.  m.  water  tanks  were  always  in  the  .shaie;  at  1  and  5  p.  m.,  in  the  sun. 


In  the  accompanying  tables  are  given  the  results  of  the  various 
weighings  and  the  corresponding  losses : 

Evaporation  losses  from  hare  soils  near  Riverside,  Cal.,  for  the  first  three  days 

after  irrigation. 


Number  of  tank. 

Initial 
weight  of 
tank  and 
soil. 

Water 
added. 

Evaporation  losses. 

Pounds. 

Pounds. 

Pounds. 

Per  cent. 

1  

1,060.00 

125. 25 

1.5. 25 

12.2 

3  

1,056.75 

125. 25 

14. 50 

11.6 

5  

1,  058. 25 

12.5. 25 

11. 50 

9.2 

7  

1, 066. 25 

125. 25 

12. 25 

9.8 

2  

1, 063. 75 

125. 25 

15. 00 

12.0 

1, 029. 50 

125. 25 

10. 75 

8.6 

1,051.00 

125. 25 

12. 25 

9.8 

±  :  

1, 058. 25 

125. 25 

13. 25 

10.6 

Evaporation  los.^es  from  hare  soils  near  Riverside,  Cal.,  from  the  fourth  to  the 
sixth  day  after  irrigation,  on  hoth  cultivated  and  tmeiilti rated  .soils. 


SOIL  CULTIVATED  6  INCHES  DEEP. 


Number  of  tank. 

Initial 
weight  of 
tank  and  . 
soil. 

Water 
added. 

Evaporation  losses. 

2  

Pounds. 
1, 063. 75 
1, 029. 50 
1, 051. 00 
1, 058. 25 

Pounds. 
125. 25 
125. 25 
185. 25 
125. 25 

Pounds. 
1.00 
1.75 
1.50 
1.75 

Per  cent. 
0.8 
1.4 
1.2 
1.4 

■  4  

6  

8  

SOIL  NOT  CULTIVATED. 

1  

1,060.  00 
1,0.56. 75 
1,058. 25 
1, 066. 25 

125. 25 
12,5.25 
125. 26 
125. 25 

3. 00  2.4 
.5.25  1  4.2 
5. 00          4. 0 
4.  .50  1  3.6 

3  

7  

15 


While  the  rate  of  evaporation  is  someAvhat  less  than  when  a  larger 
amount  of  water  was  applied,  the  value  of  cultivation  in  checking 
evajDoration  is  again  clearly  indicated.  Of  the  8  inches  which  were 
applied  to  the  tanks  an  average  of  10.5  per  cent  was  evaporated  the 
first  three  da3^s  after  irrigation,  while  in  the  three  days  following 
cultivation  the  average  loss  from  the  cultivated  tanks  was  1.2  per 
cent,  and  that  from  the  uncultivated  tanks  3.6  per  cent — three  times 
that  from  the  cultivated  tanks. 

Both  experiments  show  that  the  losses  are  much  heavier  imme- 
diately after  irrigation  than  at  any  later  time,  and  that  they  decrease 
quite  rapidly  from  day  to  day.  In  both  instances  the  losses  from  the 
cultivated  tanks  were  less  than  half  those  from  the  uncultivated 
tanks,  showing  the  advantage  of  cultivating  as  soon  as  possible  after 
irrigation. 

INFLUENCES  OF  SOIL  MULCHES  IN  CHECKING  EVAPORATION. 

In  the  citrus  orchards  of  southern  California  the  depth  of  soil 
uuilehes  varies  all  the  way  from  2  to  10  inches.  The  usual  practise 
a  decade  or  more  ago  was  to  cultivate  the  top  layer  of  soil  2  to  4 
inches  deep,  but  the  introduction,  during  late  years,  of  deeper  irriga- 
tion has  been  followed  by  a  coi-responding  increase  in  the  depth  of 
cultivation.  Comparatively  few  orchardists  now  cultivate  less  than 
C)  inches,  and  many  of  the  more  i^rogressive  lower  their  cultivators  to 
depths  of  9  to  10  inches. 

Before  proceeding  to  discuss  the  influence  of  soil  mulches,  and 
particularly  of  deep-soil  mulches,  in  checking  evaporation,  it  may 
not  be  amiss  to  outline,  briefly,  some  of  the  additional  advantages  of 
such  mulches  in  orchard  culture,  and  more  particularly  in  citrus 
culture. 

In  the  first  place,  deep  mulches  tend  to  absorb  the  rainfall  of 
winter  and  lessen  the  run-off  from  cultivated  orchards.  Altho  the 
i-ainfall  in  the  southern  and  central  portions  of  California  is  light, 
yet  heavy  precipitations  for  short  periods  are  common.  Last  year 
at  Pomona,  Cal.,  the  rainfall  from  March  11  to  March  30,  inclusive, 
a  period  of  nineteen  days,  amounted  to  7.21  inches.  When  so  much 
water  falls  in  so  short  a  time  on  soil  that  is  cultivated  only  a  few 
inches  deep,  a  large  part  is  liable  to  flow  into  the  nearest  stream  and 
be  wasted.  This  is  more  likely  to  happen  if  there  is  a  hard  layer  of 
soil  beneath  the  shallow  mulch. 

Again,  in  cultivated  soils  which  contain  much  alkali  one  frequently 
notices  a  crust  of  that  material  covering  the  surface.  Natural  forces 
have  raised  the  nioisture  in  the  soil  to  the  surface,  the  pure  water 
has  past  into  the  air,  and  the  impurities  have  remained.  This  proc- 
ess is  particularly  active  in  soils  which  are  not  properly  cultivated. 
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or  shaded  with  a  growing  crop,  and  likewise  in  soils  which  have  little 
or  no  soil  mulch.  Now,  the  same  natural  forces  AA'hich  bring  up  the 
injurious  salts  and  deposit  them  at  or  near  the  surface  also  bring  up 
the  useful  salts,  such  as  nitrates,  the  sulfates,  and  the  phosphates. 
These  valuable  ingredients  are  removed  from  that  portion  of  the  soil 
which  contains  the  roots  of  citrus  trees  and  are  deposited  in  the  top 
layer,  where  there  are  no  roots.  It  has  been  repeatedly  shown,  how- 
ever, that  these  natural  forces  can  act  but  feebly,  if  at  all,  thru  a  deep- 
soil  mulch,  and  this  demonstrates  the  value  of  a  covering  of  tliis  kind 
in  preventing  the  rise  not  only  of  the  injurious  salts,  such  as  alkali, 
but  likewise  of  the  valuable  salts,  such  as  nitrates. 

Deep  cultivation  and  deep  mulches  also  prevent  the  accumulation 
of  roots  in  the  surface  layer.  The  orange  is  said  to  be  a  shallow- 
rooted  tree  in  its  natural  state,  and  the  tendency  of  the  roots  is  to 
spread  out  near  the  surface.  The  tree  is  encouraged  to  do  this  during 
the  rainy  season,  when  the  surface  is  kept  moist  by  frequent  rains  and 
when  the  evaporation  is  reduced  to  a  minimum  by  cool  weather,  fogs, 
and  rain.  Yet  it  is  doubtful  if  the  roots  found  in  the  upper  C 
inches  of  soil  benefit  the  tree.  While  these  may  collect  both  food  and 
moisture  during  the  three  months  of  a  rainy  season,  the  excessiA'^e 
evaporation  during  a  thirty-day  or  forty-five-day  period  between 
irrigations  in  summer  is  pretty  certain  to  wither  and  kill  the  fibrous 
rootlets.  On  this  account  it  is  deemed  better  to  prevent  the  extension 
of  roots  thru  the  top  layer  of  soil  by  frequent  deep  cultivations. 

Deep  cultivation  and  deep  mulches  not  only  tend  to  j^revent  the 
formation  of  hardpan,  but  do  much  to  break  one  already  formed, 
in  some  orchards  the  long-continued  and  shallow  cultivation  of  the 
soil  to  the  same  depth,  coupled  with  shallow  irrigation,  creates  a 
compact  layer  beneath  thru  which  water  does  not  readily  percolate. 
This  layer  can,  however,  be  broken  up  by  deeper  cultivation,  in  which 
the  depth  is  varied  from  year  to  year,  and  by  permitting  water  to 
flow  for  several  days  in  deep  furrows. 

Lastly,  soil  mulches  of  all  kinds,  whether  deep  or  shallow,  by 
pulverizing  the  soil  enable  the  air  to  circulate  thru  the  mass  and 
thus  convey  a  supply  of  oxygen  to  the  roots  of  plants,  as  well  as  to  all 
those  minor  organisms  Avhich  assist  j)lants  in  their  proper  develop- 
ment. 

Notwithstanding  the  advantages  of  soil  mulches,  and  particularly 
of  deep  mulches,  that  have  just  been  mentioned,  the  fact  remains  that 
the  main  purpose  of  all  soil  mulches  is  to  lessen  the  amount  of  evap- 
oration from  the  surface  of  cultivated  soils. 

The  purj^ose  of  the  experiment  was  to  ascertain  (1)  the  difference 
between  the  amount  of  water  evaporated  from  an  orchard  soil  which 
contained  no  mulch  and  one  Avhich  was  covered  with  a  mulch  of  a 
given  depth,  and  (2)  to  compare  the  effects  of  mulches  of  different 
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depths  in  reducing  the  loss  of  water  by  evaporation.  In  this  experi- 
ment 14  water-jacketed  tanks  were  used.  The  inner  tanks  of  Nos. 
1  to  8,  inclusive,  were  23^  inches  in  diameter  and  47  inches  deep, 
and  the  inner  tanks  of  Nos.  10  to  12,  inclusive,  were  17  inches  in  diam- 
eter and  30  inches  deep.  These  11  tanks  were  filled  Avith  soil  pre- 
viou.sly  described  taken  from  block  58,  of  tlie  Arlington  Heights 
Fruit  Company,  put  in  position,  and  divided  into  the  following 
groups : 

First  group,  Nos.  1  and  3,  no  mulch. 

Second  group,  Nos.  2,  4,  and  10,  4-incIi  nudch. 

Third  group,  Nos.  5,  7,  and  11,  8-inch  mulch. 

Fourth  group,  Nos.  fi,  8,  12,  and  14,  10-inch  mulch. 
The  state  of  the  weather,  as  indicated  by  the  temperature,  during 
the  greater  part  of  the  time  of  the  experiment  is  given  in  the  follow- 
ing table : 


Tctnitrnttiiic  at  Arlington  Heights,  Riverside.  Cal..  June  30  to  Jiihj  S.  1905. 


Date. 

Air  in 
.shade. 

Water. 

In  sun. 

:  1 
li . 

In  .shade. 

Remarks. 

June  30: 

°F. 

°F. 

o  p 

°F. 

8.30  a.  m  

6-1 

71 

81 

75 

Foggy. 

12  m  

68 

82 

130 

814 

834 

78 

103 

86 

Julv  1: 

8.30  a.  m  

64 

72 

781 

754 

Do. 

12  m  

88 

82 

135 

81 

88 

78  S 

■  109i 

824 

Gentle  breeze. 

July  2: 

8.30  a.  m  

7/5 

76 

991 

714 

Clear. 

12  m  

97 

99 

141 

864 

5  p.  m  

93 

80i 

111 

94 

Warm  breeze. 

July  3. 

8.30  a.  m  

82 

76^ 

106 

754 

Clear. 

12  m  

100 

88 

145 

954 

93 

81 

105 

92 

July  4: 

8.30  a.  m  

87 

80 

104 

78 

Do. 

12  m  

106 

88 

147 

99 

96 

82 

1144 

98 

July  5: 

8.30  a.  m  

87 

80 

115 

784 

Do. 

12  m  

102 

89 

148 

944 

\Hot  breeze,  3  to  5 

5  p.  m  

98i 

81i 

1244 

97 

/  p.m. 

Julv  6: 

8.30  a.  m  

90S 

81 

116 

78 

12  m  

104i 

89 

150 

944 

Hot  breeze. 

5  p.  m  

97J 

93 

118 

97 

Hot  wind,  1  to  4. 

July  7: 

8.30  a.m  

891 

804 

114 

80 

Hot  wind. 

12  m  

106 

90 

140 

1054 

5  p.  m  

97 

S2 

120 

954 

All  day. 

Julv  8: 

8.30  a.m  

86i 

80 

112 

79 

Clear. 

12  m  

98 

86 

1391 

91 

Breeze. 

5  p.m  

90 

801 

1  112 

98 

On  June  24,  49.25  pounds  of  water  were  applied  to  each  of  the  large 
tanks  and  24.62  pounds  to  each  of  the  small  tanks.  In  the  first  group 
the  water  was  applied  on  the  surface  of  the  soil,  Avhile  in  the  remain- 
ing gioups  the  mulch  was  not  put  on  until  after  the  water  was 
applieil.    When  the  soil  in  the  tanks  had  absorbed  the  water  a  di-y- 
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soil  mulch  of  the  required  thickness  was  spread  over  the  top  and  the 
initial  weights  of  the  tanks  ascertained.  All  tanks  were  weighed 
five  times  during  the  experiment,  which  lasted  fourteen  days,  with 
the  results  as  given  in  the  following  table : 

Evaporation  from  soils  protected  t>ij  soli  mitlches  of  different  depths,  June  2.}  to 

July  S,  inclusiDe,  1905. 


Losses. 

Tanli 

Initial 

Water 

Condition. 

No. 

vveigiit. 

added. 

June 

June  27- 

July 

July 

Total. 

24-27. 

Julyl. 

1-5. 

5-8. 

Poimds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Inch. 

Percent. 

Surface  

{  I 

1,123.0 
1,123.5 

49.3 
49.3 

6.5 
7.0 

3.0 
3.0 

1.0 
1.5 

0.5 

11.0 
11.5 

0. 70 

22.3 
23.3 

.0 

.73 

1 , 155. 5 

49.3 

1.5 

.25 

.5 

.25 

2.5 

.16 

5.1 

4-incli  mulcli  

{J 

1,135.0 

49.3 

2.5 

1.0 

.5 

.0 

4.0 

.26 

8.1 

426,0 

24.6 

1.0 

.0 

.25 

.25 

1.5 

.18 

6.1 

1,119.5 

49.3 

.5 

.5 

.5 

.0 

1.5 

.10 

3.0 

8-inch  mulcli  

1  i 

1,137.0 

49.3 

1.5 

.0 

.0 

.0 

1.5 

.10 

3.0 

433.5 

24.6 

.0 

.0 

.25 

.25 

.5 

.06 

2.0 

1,156.5 
1,169.0 

49.3 
49.3 

.0 

.5 

.0 
.0 

.0 

.0 

.0 

.00 

10-incli  mulcli  . . . 

1  J 

.25 

.0 

.  75 

.05 

1.5 

378.0 

24.6 

.0 

.0 

.0 

.0 

.0 

.00 

The  table  shows  that  the  comparative  losses  in  fourteen  days  after 
irrigation  from  a  soil  without  mulch  and  from  soils  protected  by 
4-inch,  8-inch,  and  10-inch  mulches  were  in  the  ratio  of  45.6,  12.9, 
5.3,  and  1.    It  likewise  shows  that  the  large  loss  from  unprotected 
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ViG.  2. — Diagram  showing  evaporation  from  soils  protected  by  soil  mulches  of  different 

depths. 

soils,  which  have  been  irrigated,  as  well  as  the  comparatively  small 
losses  from  soils  covered  by  a  mulch  take  place  for  the  most  part 
during  the  first  two  days  after  the  Avater  is  applied  and  that  the 
decrease  is  rapid  thereafter.    The  first  fact  is  emphasized  by  figure. 
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2,  which  indicates  the  average  loss  by  evaporation  which  occurred 
during  a  period  of  fourteen  days  from  each  group  of  tanks. 

The  four  curved  lin<'s  in  figure  3  ilhistrate  the  second  fact.  It  will 
be  noticed  that  altho  the  amount  of  water  evaporated  is  quite  differ- 
ent for  any  one  day.  yet  all  four  obey  the  same  law  in  the  rapid  rate 
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Fig.  3. — Diagi-am  showing  daily  decrease  in  rate  of  evaporation  from  soils  protected  by 

mulclies  of  different  deptlis. 

of  decrease.  These  curves  show  more  clearly  than  words  can  express 
the  urgent  necessity  of  applying  the  water  at  such  depths  that  the 
surface  soil  will  remain  dry  in  order  to  lessen  the  waste  of  water  by 
evaporation. 

COMPARATIVE   LOSSES   OF  WATER   BY  EVAPORATION  WHEN 
WATER  IS  APPLIED  AT  DIFFERENT  DEPTHS. 

Among  the  fruit  growers  of  California  opinions  differ  as  to  the 
relative  merits  of  shallow  and  deep  irrigation.  The  general  practise 
ten  or  fifteen  years  ago  was  to  irrigate  orchards  by  means  of  shallow 
furrows,  spaced  2  to  24  feet  apart,  or  else  to  a^Dply  the  water  on  the 
surface  in  basins.  Basin  irrigation  is  still  practised  to  a  considerable 
extent  on  the  deciduous  and  walnut  orchards,  but  in  irrigating  citrus 
trees  the  majority  now  prefer  furrows.  Of  late  years  the  trend  of 
opinion  has  been  in  favor  of  a  smaller  number  of  furrows,  but  of 
greater  depth,  in  which  small  streams  of  water  are  permitted  to  run 
fiftv  to  seventy  hours.  This  increase  in  the  number  of  hours  the 
water  is  allowed  to  run  in  furrows  lias  not  increased  the  total  quantity 
applied  in  any  one  season,  for  there  has  been  a  corresponding  decrease 
in  the  number  of  irrigations.  Men  who  formerly  used  water  for 
forty-eight  hours  every  thirty  days  in  shallow  furrows  use  the  same 
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volume  of  water  for  seventy-two  hours  in  deeper  furrows,  but  with 
an  interval  of  forty-five  daj's  between  waterings. 

This  question  of  deep  versus  shallow  furrows,  like  many  more  con- 
nected with  farming  operations,  can  not  be  definitely  settled  one  way 
or  another  without  reference  to  the  physical  conditions  surround- 
ing each  case.  Its  solution  dejDends,  for  examjole,  on  the  porosity 
and  depth  of  the  soil,  and  the  distribution  of  the  roots  of  the  trees 
and  their  depth  below  the  surface.  In  a  shallow  soil,  where  the  roots 
are  near  the  surface,  it  would  not  be  wise  to  destroy  a  large  part  of 
them  in  an  attempt  to  make  deep  furrows,  or  to  place  the  Avater  so 
low  in  the  first  place  that  a  large  part  would  soon  percolate  beyond 
the  deepest  roots.  On  the  other  hand,  in  a  deep  soil,  in  which  the 
amount  of  valuable  plant  food  in  the  tenth  foot  may  exceed  that  in 
the  first  foot,  it  would  be  a  mistake  to  lure  the  fibrous  rootlets  to  the 
surface  by  too  frequent  and  shallow  irrigation.  It  may  assist  fruit 
growers  to  reach  proj)er  conclusions  on  this  question  if  the  advan- 
tages and  disadvantages  of  each  method  are  briefly  enumerated,  and 
in  the  comparison  thus  made  the  reader  may  be  better  able  to  decide 
which  method  would  best  apply  to  his  particular  case.  In  the  follow- 
ing summary  "  shallow  irrigation  "  refers  either  to  the  application  of 
water  on  the  surface  or  in  furrows  not  exceeding  3  inches  in  depth, 
while  "  deep  irrigation  "  refers  to  the  running  of  water  in  furrows  G  to 
12  inches  deep. 

SHALLOW  IRRIGATION. 

ADVANTAGES. 

(1)  The  top  layer  of  soil  is  better  aerated  and  more  granular. 

(2)  It  contains,  as  a  rule,  the  largest  amount  of  available  plant 
food. 

(3)  It  costs  less  for  furrowing  and  cultivation. 

(4)  Orange  trees  in  their  native  state  are  shallow-rooted. 

(5)  Artificial  fertilizers  are  more  easily  applied  to  the  top  soil. 

DISADVANTAGES. 

(1)  Shallow  irrigation  wastes  water  by  excessive  evaporation. 

(2)  It  lures  the  fibrous  roots  near  the  surface  to  wilt,  or  kills  them 
by  subsequent  drought. 

(3)  It  tends  to  form  an  irrigation  hardpan  or  plow  sole. 

(4)  It  restricts  the  feeding  ground  of  the  roots  of  trees. 

(5)  It  calls  for  more  frequent  applications  of  water. 

(6)  Frequent  irrigations  bake  or  harden  the  surface  and  necessi- 
tate cultivation. 
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DEEP  IRRIGATION. 

A»VANTA(iKS. 

(1)  It  conserves  the  moisture  by  checking  evaporation. 

(2)  It  distributes  the  water  thruout  tlie  subsoil. 

(3)  By  nioistenino-  the  subsoil  it  tends  to  the  deep  rooting-  of  tree-;. 

(4)  Deep-rooted  trees  have  a  larger  supply  of  plant  food  within 
reach. 

(5)  Deep-rooted  trees  are  not  so  injuriously  alfected  by  droughts. 

(6)  Deep-rooted  trees  require  less  artificial  fertilizers. 

(7)  Deep  irrigation  reciuires  less  frecpient  application. 

(8)  Deep  cultivation  and  irrigation  will  break  up  the  plow  sole. 

DISADVANTAGES. 

(1)  The  extra  cost  of  furrowing  and  cultivating. 

(2)  Deej)  irrigation  requires  a  cori'espondingly  deep  placing  of 
fertilizers. 

(3)  Deep  furrowing  uuiy  injure  shallow-rooted  trees. 

It  is  not  the  j^urpose  of  this  article  to  discuss  the  relative  merits  of 
shallow  and  deep  irrigation  in  all  its  phases.  As  will  be  observed 
by  the  foregoing  outline,  the  subject  is  a  broad  one,  and  could  not 
be  fully  presented  in  a  few  paragraphs.  It  is  intended  rather  to 
take  up  one  feature  and  to  consider  it  apart  from  all  others.  The 
object  of  the  experiments  was  to  show  the  comparative  loss  of  water 
by  evaporation  from  shallow  and  deep  irrigation.  The  range  of 
experiments  included  surface  irrigation  and  irrigation  in  furrows 
3  to  12  inches  in  depth.  It  was  an  ett'oi-t  to  settle,  in  a  way,  one  of 
the  vext  questions  involved  in  determining  the  proper  way  to  irri- 
gate orchards.  In  presenting  the  results  no  attempt  is  made  to  decide 
other  matters  not  germane  to  the  experiments. 

In  1903  tank  experiments  were  carried  on  at  the  substation  near 
Pomona  for  the  purpose  of  determining  the  losses  from  soils  imder 
surface  and  shallow-furrow  irrigation.  The  same  experiment  was 
repeated  at  Riverside,  Cal.,  during  August,  1905,  where  use  was 
made  of  larger  tanks,  and  where  a  somewhat  wider  range  was 
adopted.  The  results  obtained  at  Riverside  will  be  considered  first. 

EXPERIMENT  AT  RIVERSIDE,  1905. 

Eight  of  the  large  tanks  and  thi'ee  of  the  small  tanks,  both  of 
which  have  already  been  described,  wei'e  filled  in  the  usual  manner 
with  soil  from  block  58,  Arlington  Heights  Fruit  Company.  The 
soil  in  the  tanks  at  the  beginning  of  the  experiment  contained  on 
an  average  4i  per  cent  of  free  moisture,  and  the  amount  and  distri- 
bution of  free  moisture  at  the  end  of  the  experiment  were  as  given 
in  the  following  table. 
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Moisture  content  at  various  depths. 


Depth  at  which  water  was  applied. 

Six 
inches. 

One  foot. 

Two  feet. 

Three 
feet. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Surface  

9.7 

9.8 

11.5 

11.4 

9.0 

11.1 

11.  b 

11.5 

Six-inch  furrows  

9.3 

11.1 

11.5 

11.5 

Nine-inch  furrows  

10.6 

12.2 

12.0 

13.1 

Twelve-inch  furrows  

10.9 

12.5 

12.1 

14.2 

After  the  initial  weights  had  been  ascertained,  811-  pounds  of 
water  were  applied  to  each  of  the  large  tanks  and  40|  pounds  to 
each  of  the  small  tanks.  The  methods  used  in  irrigating  were  simi- 
lar to  those  of  field  practise.  A  furrow  of  the  required  depth  was 
made  across  each  tank,  and  water  was  permitted  to  trickle  into  it 
from  the  faucet  of  a  10-gallon  can.  The  irrigation  lasted  the  greater 
part  of  two  days,  and  on  the  third  day  (August  11)  the  soil  was 
dry  enough  to  cultivate  to  a  depth  of  4  inches.  On  that  date  the 
top  layer  of  .soil  in  all  the  tanks  was  cultivated. 

The  temperature  during  the  experiment  is  given  in  the  following 
table : 


Temperature  at  Arlinytoii  Heights,  Riverside,  Cat.,  from  August  9  to  18, 

inclusive,  1905. 


Day. 

Air 
(sun). 

Earth 
(sun). 

Earth 
(shade). 

Water. 

Day. 

Air 
(sun). 

Earth 
(sun). 

Earth 
(shade). 

Water. 

First  

°F. 
92.2 
84.3 
78.3 
79.3 
79.2 

°F. 
119. 0 
109.5 
102. 7 
104.0 
104.2 

op 
90.0 
81.7 
78.5 
83.5 
83.3 

op 
S2.  2 
80.2 
83.0 
86.8 
8.5.0 

Sixth   

°F. 
n'.b 
79.6 
■  77.5 
85.7 
89.7 

°F. 
95.7 
110.3 
102.0 
112.0 
106.7 

op 
78.5 
80.7 
79.5 
81.2 
84.8 

op 
77.2 
80.0 
75.3 
77.3 
77.3 

Second   

Seventh  

Third  

Eighth  

Fourth  

Ninth  ■. . . 

Fifth  

Tenth  

The  following  table  gives  the  initial  weights  of  the  tanks,  the 
amount  of  water  applied,  the  various  losses  as  determined  by  fre- 
quent weighings,  and  the  total  loss  by  evaporation  in  the  ten-day 
period : 

Evaporation  from  soils  to  wliicli  vater  loas  applied  at  different  depths,  from 
August  9  to  18,  inclusive,  1905. 


Num- 
ber of 
tank. 


Depth  at 
which  ap- 
.  plied. 


Initial 
weight. 


Irriga- 
tion 
water. 


Evaporation  losses. 


Total. 


2. 
9. 
3. 
10 
4. 
7. 
11 
5. 
8. 
1. 
6. 


^Surface  

l3-inch  fur- 
I  row. 

|6-inch 


fur- 


row. 


fur- 


9-inch 
row. 
1 12-inch  fur- 
I  row. 


IMs. 
;i,  059.  50 
[  410.50 
n, 028. 25 
I  402.00 
1, 061. 00 

I,  036.25 
I  402. 00 
[1, 025.  75 

II,  01 7.  .50 
11,078.00 
ll,  000. 00 


Lbs. 
81.50 
40.  75 
81.50 
40.  75 
81.  .50 
81. 50 
40. 75 
81.. 50 
81.50 
81.50 
81.50 


Lbs. 
10. 00 
6. 75 
8.  75 
5. 75 
9.50 
7.  75 
3. 75 
7.75 
6.00 
6. 50 
5.00 


Lbs. 
4.00 
2.00 
3. 00 


50 
2.  .50 
3.00 
1.00 
1.00 
3.00 
1.50 
1.50 


Lbs. 
1.50 

.75 
2.25 
1.00 
2.50 
1.25 

.50 
1.25 
1.75 
2.00 
1.00 


Lbs. 
1.25 
1.00 
.00 
.50 
.25 
.50 
.50 
.25 
.25 
.75 
.50 


Lbs. 

0. 25 
.00 
.00 
.25 
.00 
.25 
.00 
.75 

1.00 
.00 

1.00 


Lbs. 

0.50 
.50 

1.50 
.50 

1.00 
.•50 
.25 

1.25 

1.00 
.25 
.50 


Lbs. 

0.00 
.00 
.00 
.25 
.00 
.25 
.25 
.00 
.00 
.00 
.00 


Lbs. 
17.50 
11.00 
15. 50 

9. 75 
15.  75 
13.50 

6. 25 
12.  25 
13.00 
10.00 

9.50 


In. 
1. 12 
1.34 
.99 
1.19 
1.00 
.86 
.76 
.78 
.83 
.64 
.61 


Perct. 
21.5 
27.0 
19.0 
23.9 
19.3 
16.6 
15.3 

I. 5.0 
16.0 
12.3 

II.  7 
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All  the  tests  in  this  experiment  demonstrate  the  trnth  of  two  things. 
One  of  these  is  that  in  any  method  of  irrigation,  whether  it  be  surface, 
shallow-furrow,  or  deep-furrow  irrigation,  the  loss  by  evaporation 
during  the  time  when  water  is  ap2)Iied  is  very  great.  This  is  due  to 
the  fact  that  in  the  process  of  irrigation  the  top  layer  of  soil  becomes 
more  or  less  wet  and  a  large  percentage  of  the  amount  applied  is 
speedily  evaporated.  The  a('com]:>anying  prohle  (fig.  4)  shows  more 
clearly  than  a  table  of  figures  the  daily  rate  of  loss.  The  figures 
from  which  this  profile  was  nuide  i'ei)reseiit  the  average  daily  evapo- 
ration from  the  soil  in  11  tanks,  and  include  surface  irrigation  as 
well  as  furrow  irrigation  at  depths  of  3,  (J,  9,  and  12  inches.  The 
other  fact  which  is  so  clearly  indicated  by  the  experiment  is  that  deep 
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Fig.  4. — Curve  showing  daily  rate  of  evaporation  for  ten  days  after  water  is  applied. 

furrow  irrigation  conserves  much  more  moisture  than  surface  or 
shallow  furrow  irrigation.  Notwithstanding  the  fact  that  more  or 
less  of  the  surface  soil  becomes  wet  in  deep  furrow  irrigation,  the  loss 
in  surface  irrigation  in  ten  days  was  double  that  from  furrows  12 
inches  deep,  and  the  losses  from  furrows  less  deep  were  in  proportion 
to  their  depth.  This  statement  is  made  plain  in  figure  5,  which  repre- 
sents graphically  the  loss  in  inches  over  the  surface  for  each  method 
of  irrigation. 

EXPERIMENT  AT  POMONA,  1903. 

In  June,  1903,  six  double  and  water- jacketed  tanks,  each  inner  tank 
17  inches  in  diameter  and  29  inches  long,  were  installed  at  the  substa- 
tion near  Pomona.   The  soil  used  was  taken  from  the  trench  in  which 
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the  tanks  were  lilaced,  and  is  elsewhere  described  (p.  48).  The  tanks 
were  first  weighed  on  June  20,  1903,  and  immediately  afterwards  10 
pounds  of  water  were  applied  to  each.  Three  were  irrigated  in 
shallow  furrows  3  inches  deep  and  three  in  furrows  12  inches  deep. 
When  dry  the  surface  of  all  was  cultivated. 
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FrG.  5. — Evaporation  from  surface  irrigation  and  from  furrows  of  different  depths  at 

Riverside. 


From  June  20  to  July  24,  1903,  the  loss  in  each  tank  was  as 
follows : 


Evaporation  lo.'ise.s  from  soil  irrigated  in  furrows  3  inches  and  12  inches  deep. 


No.  of  tanlf. 

Treatment. 

Initial 
weiglit 
June  20. 

Irriga- 
tion 
water. 

Losses. 

2  

3  

Deep  irrigation  

 do  

Pomid>i. 
363.0 
358.0 
362. 5 
351.8 
354. 0 
359.0 

Pounds. 
16 
16 
16 
16 
16 
16 

Potmds. 
4. 50 
3.50 
4.25 
12.75 
17.50 
15.00 

Inches.- 
0. 54 
.42 
.51 
1.53 
2. 10 
1.80 

Per  cent. 
28.1 
21.9 
26.6 
79.7 
109.4 
93.7 

4  

 do  

5  

6  

Sliallow  irrigation  

 do  

7  

 do  

In  both  ca.ses  the  loss  shown  is  less  than  would  occur  under  field 
]3ractise  by  reason  of  the  plan  adopted  in  applying  the  water.  The 
Avater  was  applied  in  less  than  thirty  minutes  at  the  proper  depth, 
and  as  soon  as  it  was  absorbed  the  dry  soil  was  again  placed  on  top. 
By  this  means  little  moist  soil  was  exposed  to  the  air  and  the  evapo- 
ration was  consequently  lessened. 
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INFLUENCE  OF  SUBIREIGATION  IN  CHECKING  EVAPORATION. 

Before  discussing  subirrigation  it  may  be  well  to  explain  the  ditt'er- 
ence  between  what  may  be  called  artificial  subirrigation  by  means  of 
underground  pipes  and  subirrigation  by  seepage  from  ditches  and 
laterals.  The  former  method  has  been  tried  by  the  owners  of  gardens 
and  orchards  in  California  for  the  past  twenty-five  years,  but  Avithout 
success.  Yet  it  is  generally  considered  by  those  who  are  best  qualified 
to  judge,  that  this  is  an  ideal  method  of  applying  water.  It  possesses 
most  of  the  advantages,  with  few  of  the  disadvantages  of  other 
methods.  If  it  were  practicable  to  apply  water  at  the  desired  depth 
below  the  surface,  the  cost  of  grading  and  leveling  the  surface  would 
be  much  reduced,  because  a  smooth-graded  surface  would  not  be 
required ;  the  puddling  and  consecjuent  baking  of  the  surface  layer 
of  soil  would  be  avoided ;  moisture  would  rise  from  beneath  and  not 
descend  from  the  surface,  thereby  interfering  with  the  amount  and 
circulation  of  the  air  in  the  open  space  in  the  soil;  well  pulverized 
dry  soil  mulches,  which  retain  the  moisture  in  gardens  and  orchards, 
would  be  less  affected  b}^  each  irrigation;  there  would  be  no  check 
levees,  field  laterals,  or  basin  checks  to  impede  the  oi^erations  of  farm 
implements ;  and,  most  important  of  all,  much  of  the  water,  which  by 
the  other  methods  of  irrigation  is  allowed  to  pass  into  the  air  by 
evaporation,  would  be  retained  in  the  soil. 

Notwithstanding  its  many  advantages,  artificial  subirrigation  has 
been  confined  to  small  areas.  The  reasons  for  this  lack  of  success  may 
be  readily  stated.  In  the  first  place  subirrigation  by  means  of  pipes 
below  the  surface  is  best  adapted  to  deep-rooted  plants  in  deep  soil. 
It  is  true  this  method  is  successfully  followed  in  greenhouse  irriga- 
tion, but  under  field  conditions  it  would  be  impracticable,  to  say  the 
least,  to  attempt  to  moisten  the  surface  layer  of  soil  by  means  of  sub- 
surface pipes  in  order  to  nourish  shallow-rooted  crops.  The  expense 
necessary  to  lay  pipes  beneath  the  surface  sufficiently  near  to  each 
other  to  permit  the  wetting  of  the  soil  between  the  rows  of  pipes  is 
another  serious  objection.  Even  after  the  piping  is  laid  there  are 
difficulties  to  be  overcome.  The  roots  penetrate  the  joints  of  pipe 
and  choke  the  passage.  Water  does  not  percolate  laterally  as  rapidly 
as  it  does  vertically,  the  moisture  is  not  eveidy  distributed  over  the 
root  zone,  and  it  is  an  extremely  difficult  problem  in  hydraulics  to 
distribute  water  equally  thru  a  large  number  of  openings  in  an 
underground  system  of  pipes. 

While  artificial  subirrigation  thru  underground  pipes  has  been 
seldom  practised  except  in  greenhouse  irrigation,  natural  subirriga- 
tion from  laterals,  ditches,  and  the  channels  of  streams  is  gaining  in 
favor.  In  Fresno  County,  Cal..  a  i)art  of  the  75,000  acres  in  grape- 
vines is  now  subirrigated  from  ditches  and  laterals.  As  a.  result  of 
15255— (IT  M — 1 
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furrow  and  check  irrigation  in  former  years,  the  water-table  has 
risen  near  enough  the  surface  to  enable  the  deep  roots  of  the  Adnes  to 
draAv  water  from  beneath.  It  is  only  Avhen  the  Avater-table  recedes 
too  far  beneath  the  surface  that  the  plants  begin  to  suffer  from  lack 
of  moisture,  and  an  additional  supply  is  furnished  once  or  tAAdce  a 
year  by  filling  the  ditches  and  laterals  and  permitting  the  Avater  to 
seep  into  adjacent  subsoils. 

In  many  parts  of  the  mountain  States  AAdiere  the  conditions  are 
faA^orable,  subirrigation  from  ditches  is  resorted  to  as  the  best  means 
of  Avetting  the  soil.  The  conditions  most  fa  Adorable  for  this  practise 
are  a  reasonabh^  steep,  eA^en  slope,  and  the  surface  soil  underlaid  by 
an  even  stratum  of  sand  or  graA^el  resting  on  a  bed  of  clay  or  other 
imperAHOus  material.  By  making  ditches  along  the  upper  borders  of 
a  field  and  raising  the  AA^ater  by  means  of  checks,  it  is  frequently  pos- 
sible to  subirrigate  from  10  to  40  acres  AAdthout  the  use  of  laterals  or 
furrows.  An  open  friable  soil  from  1  to  2  feet  in  depth  resting  on  a 
clay  subsoil  Avill  also  subirrigate,  but  in  smaller  tracts. 

Tavo  tank  experiments  haA'e  been  made  in  California  for  the  pur- 
pose of  determining  the  influence  of  subirrigation  in  checking  the  loss 
of  Avater  by  CA'aporation.  Water  Avas  applied  at  different  depths 
beloAV  the  surface  in  such  a  manner  as  not  to  disturb  the  surface 
layer  of  soil.  The  many  factors  entering  into  a  consideration  of 
this  question,  apart  from  that  of  loss  of  AA^ater  by  evaporation,  were 
not  included  and  formed  no  part  of  either  -experiment.  The  first 
experiment  Avas  carried  on  at  the  substation  near  Tulare,  Cal.,  in  the 
summer  of  1903,  and  the  second  near  Riverside  in  the  summer  of 
1905.  Inasmuch  as  the  latter  Avas  the  larger  and  more  carefully 
conducted  test  it  Avill  be  first  described. 

SUBimilGATION  EXPERIMENT  AT  RIVERSIDE,  CAL. 

In  the  Riverside  experiment,  eight  of  the  large  Avater-jacketed 
tanks  Avere  used.  The  kind  of  soil  used,  the  manner  of  placing  it, 
and  the  apparatus  used  for  Aveighing  Avere  the  same  as  those  described 
in  previous  experiments.  In  tanks  1  and  5  were  placed  tin  tubes  1 
inch  in  diameter,  Avith  small  holes  1^-  inches  apart  along  opposite 
sides.  A  tube  Avas  placed  in  a  horizontal  position  across  each  tank, 
12  inches  beloAV  the  surface.  Leading  to  each  tube  was  a  vertical 
tube  of  the  same  diameter  thru  which  Avater  was  allowed  to  trickle 
from  a  10-gallon  can  above.  In  tanks  2  and  6  similar  tubes  Avere 
placed  9  inches  beloAV  the  surface ;  in  tanks  3  and  7  they  Avere  placed 
6  inches  beloAv,  Avhile  in  tanks  4  and  8  they  were  placed  3  inches  be- 
loAV  the  surface.  Before  AA^eighing,  2  inches  of  dry-soil  mulch  Avas 
placed  on  the  surface  of  each  tank. 

The  soil  contained  at  the  beginning  of  the  experiment  on  August 
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23,  1905,  tlio  following'  avcrago  pei'centages  of  free  water  at  difFerent 
depths : 

Per  cent. 

G  inches  below  surface  4.  19 

12  inches  lielow  surface  ,  3.  7!) 

124  inches  below  surface  ^  4.42 

36  inch  below  surface  4.  96 

Average  4.  34 

The  valve  was  so  adjusted  that  it  required  forty-two  hours  for  the 

contents  of  the  lO-gallon  can  to  pass  thru  the  tubes  into  the  subsoil. 

It  was  quite  noticeaI)le  that  in  the  deeper  tubes  the  water  disappeared 

more  quickly  than  in  shallow  tubes. 
The  accompanying  diagram  (hg.  (>)  shows  the  appearance  of  the 

surface  of  the  tanks  as  regards  moisture  at  five  different  times  during 

the  first  sixty-three  hours,  the  shaded  areas  representing  wet  soil. 
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I'lc.  ().—  I)i!ii;ram  showing-  appeni-aiue  of  moisture  on  .surface  (Uiriug  siiblrrigatiou 

experiment. 

At  the  beginning  of  the  experiment  there  was  little  difference 
between  moistiu'e  content  at  the  top  of  the  tank  and  that  at  a  depth 
of  2-t  inches,  the  average  for  all  being  -f.S-t  per  cent  of  free  moisture. 
Ten  days  later,  at  the  end  of  the  experiment,  the  soil  moisture  condi- 
tions were  as  .shown  in  the  following  table: 

Moisture  content  of  tanks  at  end  of  ten  days. 


Deptli  below  surface. 

Water  applied  at  depths  of — 

Three 
inches. 

Six 
inches. 

Nine 
inches. 

Twelve 
inches. 

fi  inches  per  cent. . 

12  inches  do  

24  inches  do  

36  inche.s  do  

h.  7 
8. 3.5 
11.14 
13.70 

r).02 
H.  66 
11.23 

13  32 

7.79 

8.  32 
10.  40 
13.  40 

8.1.5 

S,  f,8 
11.31 
14.90 
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This  table  shows  that  below  the  6-inch  level  the  increase  in  the 
moisture  content  of  the  soil  was  about  the  same  in  all  the  tanks,  but 
in  the  upper  layer  of  soil  the  percentage  of  moisture  increased  with 
the  depth  at  which  the  water  was  applied,  showing  that,  contrary 
to  what  might  be  expected,  the  api^lication  of  water  at  considerable 
depth  increases  the  quantity  of  water  retained  by  the  soil,  even  in  the 
top  layer. 

In  the  following  table,  in  Avhich  only  the  means  of  duplicates  are 
given,  are  to  be  found  the  initial  weights  of  the  soil,  the  amount  of 
water  applied,  the  periodical  losses,  and  the  total  losses  by  evapora- 
tion in  a  i^eriod  of  ten  days.  In  experimenting  with  a  unit  of  8f 
cubic  feet  of  compacted  soil  weighing,  with  the  vessel,  about  1,200 
pounds,  and  ascertaining  its  weight  by  means  of  platform  scales,  it 
was  not  possible  to  determine  the  exact  loss  for  each  daj^,  for  the 
amount  was  frequently  too  small  to  be  precisely  weighed.  This  ma}^ 
account  for  some  apparent  discrepancies,  as,  for  example,  in  the  losses 
given  in  the  twenty-four-hour  period  from  August  30  to  31.  On  the 
whole,  however,  and  for  losses  weighing  1  pound  or  more,  it  is  be- 
lieved the  results  are  accurate. 


Evaporation  from  soils  to  ivliich  ivater  was  applied  at  different  depths  below 
the  surface  at  Riverside,  Cat. 


Number  of 
tank. 

Initial 
weight  of 
tank. 

Irrigation  water. 

Depth  at  which 
water  was  ap- 
plied. 

Evaporation  losses. 

Aug:  23-25. 

Aug.  25-28. 

Aug.  28-29. 

Aug.  29-30. 

Aug.  30-31. 

ci 
o. 

CP 

CO 

1 

cc 

60 
3 

_< 

Total  loss. 

Average  loss 
per  day. 

Amount  ap- 
plied. 

Depth. 

Mean  of — 

Lbs. 

Lbs. 

In. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

P.  ct. 

In. 

1  and  5  

1, 217. 00 

83.5 

12 

2.25 

1.75 

0.  50 

0.  50 

0.00 

0.  00 

5.00 

0. 50 

6.0 

0.32 

2  and  6  

1, 196. 90 

83.5 

9 

4.38 

1.38 

.75 

1.13 

.38 

.50 

8.52 

.85 

10.2 

.55 

3  and  7  

1,229.38 

83.5 

6 

6.  88 

4.38 

1.00 

1.00 

.38 

1.38 

15.02 

1.50 

18.0 

.96 

4  and  8  

1, 243. 13 

83.5 

3 

9.75 

7.00 

1.63 

1.00 

.13 

1.38 

20.89 

2.  08 

25.0 

1. 34 

The  evaporation  was  much  greater  during  the  first  two  days,  and 
at  the  end  of  the  first  five-day  period  it  was  77  per  cent  of  the  total 
loss  which  occurred  in  the  ten-day  period. 


CLI M ATIC  CON DITK ) N  S . 

The  Aveather  during  this  ten-day  period,  from  August  23  to 
September  2,  1905,  Avas  neither  cool  nor  excessiA^ely  hot,  but  Avas  typi- 
cal of  much  of  the  agreeable  summer  Aveather  so  prevalent  at  River- 
side. During  the  first  three  days  the  temperature  in  the  shade  from 
8  a.  m.  to  5  p.  m.  varied  from  71°  to  93-i-°,  and  for  the  balance  of  the 
time  the  temperature  rose  seA^eral  degrees,  reaching  a  maximum  at 
1  p.  ni.  on  August  29,  Avhen  it  Avas  106^°. 

In  the  following  table  ai-e  giA^en  the  records  of  temperature  taken 
from  August  23  to  September  2,  1905,  of  the  air  in  the  shade  and  in 
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the  sun,  of  the  surface  of  the  eartli  in  the  shade  and  in  the  sun,  as 
well  as  moist  earth,  and  the  temperature  of  the  surface  of  the  watci- 
in  the  evaporation  tank : 

Temperature  at  Arlington  Hciyhts,  h'irersidc.  C'al.,  from,  August  23  to 
September  2,  inclusive,  1905. 


Time. 


August  23: 

5  p.  m  

AuKUst  24: 

8  a.  m  

1  p.  m  

5  p.  m  

August  25: 

8  a.  m  

1  p.  m  

5  p.  m  

August  26: 

8  a.  m  

1  p.  m  

5  p.  m  

Augu  st  27: 

8  a.m  

1  p.  m  

5  p.  ni  

August  28: 

8  a.  m  

1  pm  , 

5  p.  m  

August  29: 

8  a.  m  

1  p.  m  

f)  p.  m  

August  30: 

8  11.  Ill  

1  p.  Ill  

■"'I'-m  

August  31: 

S.Vt  a.  m  

1.15  p.  m  

5  p.  Ill  

September  1: 

8  a.  m  

1  p.  m  

5  p.  m  

September  2: 

8  a.m  

1.15  p.  m  


Air. 


In  shade.   In  sun 


81  i 

7U 
92i 
8U 

71 

93i 
85i 

m 

91 

81i 
1031 


85 
103 
93 

84 
lOlii 
99 

81 
104i 
94 

83i 
lOOi 
91 

75 

97i 

90 

72i 
92 


8U 

721 

94 

83 

79 

951 
8fii 


103 
93 

87 
1031 
101 

t 

881 
107 
95 

91 

1071 
101 


105 
96 

891 
lOU 
91 

79 
101 

93 

82 
94 


Earth. 


In  shade.    In  sun 


871 

711 
91 

851 

681 
931 
85J 

681 
101 1 
91 


100 
99 


77 
1061 


76 
102 
981 

74 
1031 
94 

75 
1011 
921 

701 
971. 
91 

671 
96 


o  p 
91i 


130 
95 

86 
126 
105 


138i 
105 

93 
143 
120 

101 1 
1411 
100 


135 
113 


140 
111 

93 
132 
1061 

95 
136 
105 

95 
130 


Water 
in  sun. 


771 

73 

78 

741 

85 

771 

721 

88 

78 

74 

88^ 

82 

75 
90 
82 

741 

88 

871 

741 

m 

79 

731 

87 

781 

731 
861 
78 

721 
841 


earth. 

Weather. 

0 

Cloudy. 

Do. 

Clear;  breezy. 

74 

Clear. 

781 

Do. 

91 5 

Clear:  breeze. 

76 

Clear. 

77 

Do. 

89i 

Clear;  hot  wind. 

77 

Clear. 

85 

Do. 

93 

Hot  wind. 

89 

Cloudy. 

84 

Clear. 

114 

Do. 

Dry. 

Do. 

76 

Do. 

Dry. 

Hot  wind. 

Dry. 

Do. 

Clear. 

Do. 

Do. 

Do. 

Breeze;  clear. 


Slightly  cloudy. 
Clear;  breeze. 
Clear 

Do. 

Breeze;  clear. 


The  main  fact  to  l)e  emphasized  in  this  experiment  is  the  effect  pro- 
duced hv  shallow  and  medium-deej:)  .subirrigation  in  checking  evap- 
oration. In  nearly  two  days  enough  water  to  have  covered  the  surface 
to  an  average  depth  of  5^  inches  was  applied.  When  the  water  was 
applied  12  inches  below  the  surface  the  loss  in  10  days  was  only  6  per 
cent,  or  what  would  correspond  to  one-third  of  an  inch  over  the  sur- 
face. When  it  was  applied  9  inches  below  the  surface,  the  loss  was 
10  per  cent,  or  one-half  inch;-  when  applied  G  inches  below  the  sur- 
face, tlie  loss  was  18  per  cent,  or  about  1  inch,  and  Avhen  the  water 
was  applied  3  inches  below  the  surface,  the  loss  was  25  per  cent,  or 
about  l?j  inches. 


SUBIRRIGATION  EXPERIMENT  NEAR  TULARE,  CAL. 

The  purpose  of  this  experiment,  which  Avas  begun  by  A.  P.  Stover 
on  May  30,  1903,  was  to  determine  the  difference  in  the  loss  by  evap- 
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oration  between  ordinary  irrigation  applied  on  the  surface  and  snb- 
irrigation  applied  at  a  depth  of  2  feet  below  the  surface.  In  the  lat- 
ter case  tin  tubes  similar  to  those  alread}^  described  in  the  Riverside 
experiment  were  used  to  distribute  the  water  at  the  proper  depth. 
Each  of  the  tanks  used  was  double  jacketed  and  of  the  following  di- 
mensions: Inside  diameter,  17  inches;  depth,  29  inches;  weight  with 
bale,  34^  pounds.  The  following  varieties  of  soil  were  used  in  the  ex- 
periment: Nine  tanks  were  filled  with  sandy  loam  containing  a 
considerable  quantity  of  alkali  obtained  on  the  grounds  of  the  sub- 
station; 6  tanks  were  filled  with  dark  loam  containing  a  fair  pro- 
portion of  organic  matter  and  a  little  alkali ;  three  tanks  were  filled 
with  coarse  sandy  soil  containing  alkali;  and  the  other  three  tanks 
were  filled  with  strong  alkali  soil  from  the  substation  grounds  which 
contained  too  much  alkali  to  be  productive.  All  these  tanks  were 
installed  in  sets  of  three,  two  of  which  were  irrigated  on  the  surface, 
and  in  the  third  of  each  set  the  water  was  applied  thru  perforated 
pipes  at  a  depth  of  2  feet  in  imitation  of  subirrigation.  The  amount 
of  moisture  in  the  soil  was  not  ascertained. 

In  the  following  table  is  given  only  the  mean,  or  average,  of  the 
results  of  several  tanks  Avhich  contained  the  same  kind  of  soil  and 
Avhich  were  watered  in  the  same  way. 


Evaporation  Josse^t  from  surface  irrir/atioii  and  from  siihirrir/ation  2  feet  heloiv 
the  surface  near  Tulare,  Cal.,  Mai/  30  to  Jane  2Jf,  1903. 


Kind  of  soil. 

Initial 
weight 
May  30. 

Weight 
of  water 
applied. 

Loss  by  evaporation  in  26 
days. 

Sandy  loam: 

Pounds. 

Pounds. 

Pounds. 

Per  cent. 

Inches. 

Surface  irrigated  

312.7 

57.6 

34.7 

60.0 

4.22 

Subirrigated   

326.0 

57.6 

6.1 

10.6 

.74 

Sandy  soil: 

Surface  irrigated  .•  

362.0 

57.6 

29.9 

5.9 

3.64 

Subirrigated   

368.  .'5  . 

57.6 

5.1 

8.9 

.62 

Dark  loam: 

294.4 

57.6 

46.2 

80.2 

5.63 

Subirrigated   

297.0 

57.6 

16.1 

28.0 

1  93 

Equal  amounts  of  Avater  were  applied  to  the  tanks  on  May  30,  June 
C),  June  13,  and  on  June  20,  the  total  being  57.G  pounds,  correspond- 
ing to  a  depth  over  the  surface  of  7.02  inches.  The  average  loss  in 
twenty-six  days  from  the  three  different  soils  which  were  surface 
irrigated  was  4.49  inches,  and  the  average  from  the  same  soils  subir- 
rigated was  1.11  inches,  or  a  gain  of  4  to  1  in  moisture  conservation  in 
favor  of  subirrigation. 

The  three  tanks  Avhich  were  filled  with  strong  alkali  soil  were 
not  included  in  the  above  table,  for  the  reason  that  such  salts  tend  to 
keep  the  surface  moist  by  drawing  moisture  from  beneath.  This 
is  plainly  indicated  in  the  experiment,  the  results  of  Avhich  are  as 
follows : 
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Evaporation  losses^from  alkali  soil. 


Treatment. 

Initial 
weigiit. 

Water 
added. 

Loss  by  evaporation. 

Pounds. 

Pounds. 

Pounds. 

Per  cent. 

Indiex. 

Surface  irrigated  '. . . . 

305.3 

57.6 

3.5.7 

62.0 

4.35 

Subirrigated   

303.0 

57.6 

23.1 

40.0 

2. 81 

Both  experiments  show  that  if  water  could  be  apjolied  to  crops 
beneath  the  surface  and  witliout  wetting  the  top  soil,  there  would  be 
less  evaporation  than  when  Avater  is  applied  by  any  method  now  prac- 
tised. AMiile  the  practise  of  artificial  subirrigation  by  means  of  pipes 
laid  beneath  the  surface  is  now  seldom  used,  that  of  natural  sub- 
irrigation  from  ditches  and  canals  is  becoming  more  common. 

In  the  natural  subirrigation  of  soils  the  loss  b}'  evaporation  is  much 
greater  from  shallow  soils  than  from  deep  soils.  In  the  Riverside 
exjieriments  the  evaporation  loss  in  ten  days  from  orchard  .soil  which 
was  irrigated  3  inches  below  the  surface  was  more  than  four  times 
as  great  as  that  from  like  soil  which  had  been  irrigated  12  inches 
below  the  surface.  In  the  Tulare  experiments  soil  which  was  sub- 
irrigated  3  inches  below  the  surface  lost  in  twenty-six  days  4J  inches 
in  depth  over  the  surface  out  of  7  inches  applied,  whereas  similar 
soil  to  which  water  was  applied  M  inches  below  the  surface  lost  only 
1.1  inches. 

EVAPORATION  FEOM  MOIST  AND  DRY  SOILS. 

EXPERIMENT  AT  TULARE,  CAL. 

In  June,  1901,  an  experiment  was  begun  at  the  substation  near 
Tulare,  Cal.,  to  determine  the  effect  of  the  moisture  content  of  soils 
upon  the  rate  and  amount  of  evaporation.  Twelve  double,  water- 
jacketed  tanks,  of  which  the  inner  of  each  pair  was  17  inches  in 
diameter  and  30  inches  deep,  were  used.  The  lower  third  of  each 
tank  was  filled  with  sandy  loam  from  an  adjacent  barley  field  which 
contained  some,  alkali,  while  dark  sandy  loam  free  from  alkali  and 
containing  a  considerable  amount  of  vegetable  matter  was  placed  in 
the  upper  two-thirds  of  each  tank.  The  experiment  was  planned  in 
such  a  way  that  all  conditions  would  be  as  nearly  similar  as  it  was 
possible  to  make  them,  with  the  exception  of  the  amount  of  water 
applied  to  each  pair  of  tanks.  The  experiment  was  carried  on  in 
duplicate.  Tanks  1  and  2  received  no  irrigation  water,  tanks  3  and 
4  received  2  quarts  every  two  weeks,  tanks  5  and  0  received  3  quarts, 
and  so  on,  the  increase  being  gradual  up  to  the  last  pair,  which 
received  6  quarts  of  water  every  two  weeks.  It  will  be  observed  that 
the  amount  of  water' applied  was  small  in  all  cases.  The  smallest 
amount  api:)lied  every  two  weeks  was  equivalent  to  a  depth  over  the 
surface  of  half  an  inch,  and  the  largest  amount  to  a  depth  of  H 
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inchep.  Even  the  latter  is  considerably  less  than  is  commonly 
applied  for  crop  production.  It  amounted  to  9.8  inches  in  depth 
over  the  surface  for  the  season  from  June  15  to  September  15.  In 
carrying  on  the  experiments  the  tanks  were  weighed  as  often  as  pos- 
sible and  the  water  was  put  on  after  the  weights  were  ascex'tained. 
On  the  day  following  the  surface  Avas  cultivated  a  few  inches  deep. 
The  following  table  gives  the  results  of  the  experiment : 

Evaporation  from  Tulare  soils  ivhich  received  different  amounts  of  loater, 
June  15  to  September  15,  1904. 


Numbers  of  tanks. 

Initial 
weight 
of  soil. 

Amount  of  water 
applied. 

Loss  by  evaporation. 

Pounds. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Per  cent. 

1  and  2  

319.5 

0.0 

0.0 

3.8 

3  and  4  

324.0 

27.4 

3.3 

29.1 

3.5 

106.0 

5  and  6  

317.8 

41.0 

4.9 

38.5 

4.6 

94.0 

7  and  8  

314.0 

.54.7 

6.6 

45.7 

5.5 

83.6 

9  and  10  

311.5 

68.4 

8.2 

54.7 

6.6 

80.0 

11  and  12  

316.3 

82.1 

9.8 

65.3 

7.9 

79.5 

The  total  moisture  content  of  the  soil  at  the  beginning  of  the 
experiments  averaged  7.73  per  cent.  This  would  be  equivalent  to 
over  25  pounds  of  Avater  in  each  tank,  or  3  inches  in  depth  over  the 
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Fig.  7. — Diagram  showing  relation  between  amount  of  water  and  loss  by  evaporation  as 
determined  by  e.vperiments  with  Tulare  soils,  .Tune  1.5  to  September  15,  1904. 


surface.  The  table  shows  that  tanks  1  and  2.  which  received  no 
water,  lost  on  an  average  3.8  pounds  each,  or  about  0.45  inch  over 
the  surface,  this  amount  having  been  evaporated  from  the  moisture 
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in  the  soil  at  the  beginning  of  the  experiment.  The  table  also  shows 
that  in  tanks  3  and  4  all  oi"  the  irrigation  water  was  evaporated  and 
1.7  i)Ounds  of  the  initial  soil  moisture.  More  Avater  was  applied  to 
tanks  5  and  6  and  94  per  cent  was  evaiDorated.  Still  more  was 
applied  to  tanks  7  and  8  and  84  per  cent  was  evaporated,  while  in 
tanks  11  and  12  the  maximum  amount  was  applied,  of  which  7!)..") 
per  cent  was  evaporated.  These  percentages  decrease  gradually  as 
the  amount  of  water  applied  increases,  but  there  is  a  consideral)le 
increase  in  the  absolute  amount  lost  as  the  amount  applied  increases. 

Figure  7  would  seem  to  indicate  that  for  tanks  3  to  12,  inclusive, 
which  were  irrigated,  the  relation  existing  between  the  water  ap- 
plied and  that  evaporated  may  be  exprest  in  the  form  x  =  ay  -f-  b,  in 
which  ?/  represents  the  irrigation  water  measured  in  pounds  and  x 
the  number  of  pounds  of  soil  moisture  evaporated. 

EXPERIMENT  AT  RIVERSIDE,  CAL. 

A  somewhat  similar  experiment  was  conducted  on  block  .58,  Ar- 
lington Heights  Fruit  Company,  near  Riverside,  Cal.,  from  July  27 
to  August  5,  1905.  In  this  experiment  eight  jacketed  tanks  were 
used.  Each  of  the  inner  tanks  was  23^  inches  in  diameter  and  47 
inches  deep  and  held  from  1,000  to  1,200  pounds  of  soil.  Each  tank 
was  filled  with  sandy  loam  taken  from  a  trench  which  was  dug  in 
the  orange  orchard,  and  placed  with  its  top  rim  nearly  level  with  the 
surface.  As  before,  the  experiment  was  carried  on  in  duplicate,  the 
eight  tanks  being  divided  into  four  groups.  The  first  group,  or  pair, 
received  no  water;  the  second  group  received  40  pounds  each  or  an 
equivalent  of  2.56  inches  in  depth  over  the  surface ;  the  third  70 
pounds  each,  or  4.48  inches ;  and  the  fourth  100  pounds  each,  which 
corresjDonded  to  a  depth  of  0.4  inches  over  the  surface.  The  experi- 
ment lasted  ten  days  and  during  this  time  each  tank  was  weighed 
seven  times.  At  the  completion  of  each  set  of  weighings  the  evapo- 
ration loss  in  pounds  from  each  tank  was  figured  out  and  an  equal 
weight  of  water  was  added  so  as  to  maintain  a  constant  percentage 
of  moistu.re  in  each  pair  thruout  the  experiment.  The  soil  was  not 
cultivated. 

The  following  figures  represent  the  aA-erage  amount  of  free  moisture 
in  the  soils  of  each  group.  In  the  second  column  is  given  the  moist- 
ui'e  content  before  any  water  was  applied,  and  in  the  third  the  total 
amount  after  water  was  applied.  It  will  l)e  noted  that  the  soils  at 
the  beginning  of  the  experiment  ranged  from  a  dry  soil  containing 
only  4.8  per  cent  of  the  free  moisture  to  a  very  wet  soil  containing 
17.5  per  cent  of  free  moisture. 
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Percentage  of  free  moisture  «  in  soil. 


Numbers  of 
tanks. 

Before  irri- 
gation. 

After  irri- 
gation. 

1  and  3  

4.8 

4.8 

2  and  4  

4.6 

8.9 

5  and  7  

4.5 

11.9 

6  and  8  

6.8 

17.5 

"  The  additional  hydroscopic  moisture  averaged  5i  per  cent. 

The  condition  of  the  weather  during  the  experiment  was  clear, 
altho  somewhat  cool  for  midsummer  in  that  locality.  Slight  fogs 
occurred  occasionally  in  the  morning.  The  temperature  records  relat- 
ing to  the  experiment  are  given  in  the  following  table,  in  which  the 
temperatures  of  both  earth  and  water  Avere  taken  about  three-eighths 
inch  below  the  surface,  or  just  sufficient  to  cover  the  bulb  of  the 
thermometer : 

Average  temperature  at  Arlington  Heights,  Riverside.  Cal..  from  Julg  27  to 

August  5,  inclusive,  1905. 


Date.  - 


Air 
(sun). 


1905. 

July  27  

28  

29  

30  

31  


°F. 

84.5 

75.8 

80.7 

76.3 

84.5 


Earth. 


Sun.  Shade. 


°F. 
104.0 
105. 3 
106.7 
101. 5 


°F. 

79.0 

78.2 

84.0 

79  8 

77.3 


Water. 


°F. 
85.'4 
79.6 
81.3 

83  7 
76.2 


Date. 


1905. 

Aug.  1  

2... 
3.... 
4,... 
5.-.- 


Air 
(sun). 


o  p 

93.0 

76.2 

80.8 

84.7 

90  3 


Earth. 


Sun.  Shade. 


113.'3 
97.0 
109.3 
113.2 
122.1 


°F. 

86.7 

78.2 

77.5 

79.8 

88.0 


The  results  of  the  experiments  are  briefly  summarized  in  the  fol- 
lowing table,  Avhich  gives  only  the  averages  of  each  group : 

Evaporation,  from  soils  at  Arlington  Heiglits. 


Numbers  of  tanks. 

Initial 
weight  of 
soil  and 
tank. 

Amount 
of  water 
added. 

Loss  by  evaporation  in  ten 
days. 

1  and  3  

Potmds. 
962.4 
940.8 
941.5 
950.0 

Pounds. 
0 
40 
70 
100 

Pounds. 
6.3 
15.4 
19.1 
23.9 

Inches. 
0.4 
1.0 
1.2 
1.6 

Per  cent. 

2  and  4  

5  and  7  

6  and  8  

38.5 
27.3 
23.9 

The  accompanying  diagram  (fig.  8)  may  convey  a  clearer  idea  of 
the  relation  between  soil  moisture  and  evaporation.  In  it  is  shown 
for  each  pair  of  tanks,  taking  the  average  of  all  duplicates,  the  orig- 
inal amount  of  free  water  in  the  soil,  the  amount  added,  and  the 
loss  by  evaporation  in  ten  days. 

Figure  9  likewise  corroborates  the  Tulare  experiments  in  showing 
that  in  the  case  of  all  the  tanks  which  were  irrigated  at  the  begin- 
ning of  the  experiment  the  relation  existing  between  the  water 
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api^lied  and  that  evaporated  may  be  exprest  in  the  form  T=ay-\-l>. 
in  which  ij  represents  the  former  and  ,r  the  latter. 

Of  hite  3^ears  some  of  the  chemists  of  western  experiment  stations," 


^^^^^^^^^ 
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■ 
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Kic:.  s. — Diagram  showing  the  initial  amount  <if  free  niolsture  in  tlie  soil,  the  amount 
added,  and  the  loss  by  evaporation.  .Inl.v  127  to  August  5,  1905.  at  Riverside. 


in  taking  samples  of  soil  at  different  depths,  both  before  and  after 
irrigation,  have  found  the  same  thing  as  shown  by  these  experiments; 
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V\v..  !l.  —  Diagram  showing  relation  between  amount  of  water  and  loss  Ii.v  evaporation  as 
determined  b.y  experiments  with  Riverside  soils. 


but  the  information  thus  derived  has  not  been  readily  understood  by 
the  farmers,  and  it  is  doubtful  if  many  have  modified  their  methods 


1  Tlie  reader  is  referred  to  an  article  on  the  effect  of  tlie  initial  jiercentago 
of  moisture  in  T'tah  Sta.  P.ul.  SO. 
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of  irrigation  and  cultivation  as  a  result  of  this  recently  discovered 
principle.  Yet  this  principle — which  may  be  stated  thus:  the  rate 
of  evaporation  from  soils  varies  direct!}^  with  the  amount  of  moisture 
in  the  top  laj'er — appears  to  lie  at  the  foundation  of  good  irrigation 
practise.  To  ignore  it  can  not  but  result  in  much  waste  of  water. 
He  Avho  keeps  the  surface  of  his  fields  moist  by  long-continued  or 
frequent  irrigations,  and  w^ho  fails  to  cultivate  the  surface  whenever 
it  is  practicable  after  each  irrigation,  will  lose  by  evaporation  a  large 
part  of  the  water  applied.  On  the  other  hand,  he  who  keeps  the  top 
soil  dry  or  wets  it  only  at  long  intervals,  and  cultivates  often  and 
thoroly,  Avill  conserve  the  greater  part  in  the  soil. 

INFLUENCE  OF  TEMPERATURE  ON  EVAPORATION. 

In  connection  with  the  tank  experiments  with  soils,  measurements 
of  evaporation  from  water  surfaces  have  been  made  at  Chico, 
Berkeley,  Tulare,  Pomona,  and  Calexico.  The  tanks  were  22  to  36 
inches  in  diameter,  30  inches  dee]),  and  Avere  set  in  the  ground  with 
their  rims  1  inch  or  less  above  the  ground.  Readings  have  usually 
been  made  weekly.  At  Chico,  Tulare,  and  Pomona  the  tanks  have 
been  on  the  substations  of  the  California  Agricultural  Experiment 
Station,  and  the  observers  have  been  those  in  charge  of  the  substa- 
tions.'' At  Berkeley  the  observer  has  been  E.  F.  Griffith,  of  the 
Irrigation  and  Drainage  Investigations,  and  at  Calexico  the  measure- 
ments haA^e  been  made  by  J.  E.  Peck,  of  the  engineer's  office  of  the 
California  Development  Company.  The  records  gathered  are  not 
equally  complete  for  the  fiA^e  stations,  having  been  begun  in  1903  at 
Tulare,  Pomona,  and  Calexico,  and  in  1904  at  Chico  and  Berkeley. 

The  total  monthly  and  annual  evajDoration  for  each  of  the  five 
stations  are  given  in  the  summary  below  : 


BIontli.Ii/  and  (nuuial  evaporation,  California  stations,  1903.  IdO.'i.  and  1905. 


Month. 

Chico. 

Berkeley. 

Tulare. 

Pomona. 

Calexico. 

1904. 

1905. 

1904. 

1905 

1903. 

1904. 

In. 
1.46 
2. 98 
3.80 
4.63 
7. 95 
10.  66 
12. 20 
12. 00 
8.  66 
4.25 
3.88 
2. 00 

1905. 

1903. 

1904. 

1905. 

1903. 

1904. 

1905. 

January  

In. 
0. 50 
1.06 
1.10 
2. 97 

In. 
0. 09 
1.21 
3. 77 
4.79 
6.82 
9.07 
10. 00 
9. 57 
7.53 
5. 73 
3.37 
1.52 

III. 

In. 
1.00 
1.36 
2.11 
3. 14 
4.70 
5.68 
5. 52 
5.09 
4.65 
4.27 
2. 68 
1.35 

In. 

In. 
1.46 
2.50 
2. 90 
3.32 
6. 80 
10. 34 
11.07 
7.00 
6.25 
ai.  82 
n3. 88 
2.00 

In. 

In. 
2.78 
2.  .57 
3.69 
5. 00 
6.50 
8.20 
9. 34 
9. 37 
7. 23 
5. 37 
4.05 
2.94 

In. 
1.93 
1.65 
3. 73 
4.08 
5.98 
7.73 
8. 93 
9.02 
7.45 
5.28 
64.05 
62.94 

In. 

In. 
4.39 
6.32 
8.80 
9.  .55 
10. 91 
13.89 
12.  47 
10.  98 
8.  61 
8.  78 
5.  40 
3.  48 

In. 
2. 72 
1.74 
4. 44 
4.74 
8.38 
12. 86 
10. 43 
8.52 
7-83 
6.  77 
3. 23 
3.43 

February  

March  

April  



June  

6.78 
8. 34 
7.66 
4. 79 
2.18 
1.55 
.95 

July  

9.07 
9. 37 
6. 29 
6. 63 
4.25 
2.  .51 

14.48 
12.72 
10.29 
7.  .50 
4.80 
4.52 

August  

12. 34 
9.05 
6.32 
3.51 
2.00 

September  

October  

November  

December  

Annual.. 

2.84 
1.44 
1.01 

43. 48 

63. 47 

41. 55 

74.47 

62.  94 

67. 04 

62. 77 

103. 64 

75. 09 

°  Since  February,  1905,  the  tank  at  Chico  has  been  at  the  plant-introduction  garden,  and 
observations  have  been  made  under  the  direction  of  P.  H.  Dorsett,  who  Is  in  charge  of  the 
garden. 

"  Intpi'polatod  from  previous  year's  record. 
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The  stations  for  ■\\hich  records  are  complete  for  two  years  are 
Chico,  Pomona,  and  Calexico.  The  records  for  Tulare  and  Pomona 
ha\e  been  made  to  caver  two  years  by  using  for  November  and 
December.  1!)05.  the  figures  for  the  same  months  for  1904.  The 
totals  for  Tulare  and  Calexico  show  a  variation  of  from  one-sixth 
to  one-half  for  the  two  years,  indicating  the  desiral)ility  of  additional 
observations  to  give  a  reliable  mean.  There  is  also  seen  to  be  con- 
siderable change  by  months  for  the  several  years,  altho  these  varia- 
tions are  of  course  to  be  expected.  The  most  interesting  feature  of 
the  results  is  the  large  amomit  of  the  ainnial  evaporation  at  sonu^ 
of  the  stations.  At  three  of  these  stations  the  loss  for  July  reached 
over  10  inches,  and  at  Calexico,  for  July,  1D03,  it  is  seen  to  have 
reached  the  excessive  figure  of  14.48  inches. 
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The  weekly  rates  of  evaporation  are  not  given  in  the  table.  During 
the  winter  months  the  loss  was  practically  nothing  at  some  of  the 
stations,  never  falling  below  0.25  inch  for  a  week,  however,  at  Cal- 
exico. The  maximum  weekly  rates  for  •the  five  stations  were  2.8 
inches  for  Chico.  from  June  24  to  July  1,  1905;  1.55  inches  for 
Berkeley,  from  July  8  to  July  15,  1905;  3.25  inches  for  Tulare, 
from  August  1  to  August  8, 1903 ;  3  inches  for  Pomona,  from  July  11 
to  July  18,  1903,  and  3.75  inches  for  Calexico,  from  June  25  to 
July  2",  1904. 

To  illustrate  the  well-known  elTect  of  temperature  on  evapoi-ation, 
the  monthly  mean  temperatures  and  the  monthly  evajjoration  have 
been  platted  together  for  each  of  the  stations  (figs.  10,  11,  12.  13,  and 
14.)  Only  at  Calexico  was  there  any  decided  departure  fi-om  the 
general  rule  that  the  evaporation  increases  an.d  decreases  with  in- 
creases and  decreases  in  the  mean  temperature.    The  apparent  marked 
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departure  at  Calexico  during  July  and  August  of  each  j^ear  may  be 
due  to  the  fact  that  the  temperatures  given  are  for  Imperial  rather 
than  for  Calexico,  there  being  no  records  available  for  the  latter  place. 
This,  however,  is  not  probable.    Xo  effort  has  been  made  to  adapt 
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Fig.  11. — Diagram  showing  relation  l)etween  temperature  and  evaporation  at  Pomona,  Cal. 

the  scale  of  inches  and  degrees  so  as  to  show  am'^  quantitive  relation. 
The  aim  is  merely  to  show  that  the  variation  is  approximately 
consistent. 

In  the  summer  of  1904  five  sfalvanized-iron  tanks,  22  inches  in 
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Fig.  12. — Diagram  sliowlng  relation  between  temperature  and  evaporation  at  Chico.  Cal. 

diameter  and  28  inches  deep,  were  sunk  into  the  ground  in  the  experi- 
mental field  at  Berkeley  for  testing  under  field  conditions  the  influ- 
ence of  the  temperatui^e  of  the  water  surface  on  evajDoration.  Ice- 
water  jackets  wore  placed  around  two  of  the  tanks  for  the  purpose  of 
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reclucino;  the  temperature,  and  kerosene  lamps  were  placed  under 
two  for  the  purpose  of  increasing  the  temperature."    P'or  a  period  of 
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Fig.  13. — Diagram  showing  relation  between  temperature  and  evaporation  at  Tulare,  Cal. 

thirty  days,  from  July  20  to  August  20,  readings  of  temperatures 
were  taken  at  3,  6,  7,  9,  and  11  a.  m.,  and  at  1,  3,  5,  9,  and  12  p.  m., 
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Fig.  14. — Diagram  showing  relation  between  temperature  and  evaporation  at  Calexico,  Cal. 

and  an  effort  made  to  keep  the  five  tanks  at  temperatures  of  50°,  ()0°, 


o  Placing  the  kerosene  lamps  below  the  tanks  of  course  involved  heating  the 
entire  body  of  water  in  each  tank  rather  than  the  surface  only.  The  com- 
parative results  in  this  way,  and  in  heating  from  above,  are  not  known,  but 
it  is  not  likely  that  they  are  largely  different  in  tlioir  effects  on  total  evaporation. 
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70°,  80°,  and  90°  Fahrenheit,  respectively.  At  the  same  time 
measurements  of  the  amount  of  evaporation  were  made  with  a  hoolc 
gage  reading  to  one  sixty- fourth  of  an  inch.  A  thermograph  kept 
a  continuous  record  of  air  temperatures,  and  water  temperatures 
were  read  by  means  of  a  small  detached  thermometer.  Mr.  H.  T. 
Nowell,  a  senior  student  in  civil  engineering  in  the  University  of 
California,  was  placed  in  charge  of  the  tanks  as  observer.  In  1905 
similar  experiments  were  made  at  Tulare,  Chico,  and  near  Lone  Pine, 
the  latter  in  Owens  Valley,  with  Mr.  Nowell  still  acting  as  observer, 
the  idea  being  to  come  in  contact  also  with  conditions  typical  of 
the  San  Joaquin  and  Sacramento  valleys  and  with  the  dry  interior 
country  of  Owens  Valley,  where  the  elevation  is  considerably  greater 
than  at  Berkeley,  Tulare,  or  Chico.  The  plan  of  the  experiments 
was  not  materially  changed  in  1905  from  that  followed  at  Berkeley 
in  1904,  excepting  that  the  records  were  taken  at  intervals  of  three 
hours  during  the  daytime  and  sometimes  only  once  between  9  p.  m. 
and  6  a.  m.  At  Soldiers  Camp,  near  Lone  Pine,  ice  was  not  available 
for  cooling  tanks  1  and  2,  as  at  Berkeley,  Tulare,  and  Chico,  and  so 
no  attempt  was  made  to  keep  tank  1  at  a  temperature  of  50°,  altho 
by  the  use  of  snow  packed  from  the  neighboring  eastern  slope  of 
Mount  Whitney,  and  cold  water  siphoned  to  the  water  jacket  from 
Lone  Pine  Creek  near  by,  tank  2  was  kept  approximately  at  the  60° 
desired. 

The  results  of  the  observations  at  the  four  stations  are  summarized 
as  follows: 


Nummary  of  observations  on  the  influence  of  the  temperature  of  the  water 

surface  on  evaporation. 


Tank  No.  1. 

Tank  No.  2. 

Tank  No.  3. 

Tank  No.  4. 

Tank  No.  6. 

Aver- 

Aver- 

Aver- 

Aver- 

Aver- 

age 

Aver- 

age 

Aver- 

age 

Aver- 

age 

Aver- 

age 

Aver- 

Place. 

Date. 

tem- 

age 

tem- 

age 

tem- 

age 

tem- 

age 

tem- 

age 

pera- 

daily 

pera- 

daily 

pera- 

daily 

pera- 

daily 

pera- 

daily 

ture 

evap- 

ture 

evap- 

ture 

evap- 

ture evap- 

ture 

evop- 

water 

ora- 

water 

ora- 

water 

ora- 

water 

ora- 

water 

ora- 

sur- 

tion. 

sur- 

tion. 

sur- 

tion. 

sur- 

tion. 

sur- 

tion. 

face. 

face. 

face. 

face. 

face. 

°F. 

Inch. 

°F. 

Inch. 

°F. 

Inch. 

°F. 

Inch. 

°F. 

Inch. 

Berkeley  

July  20-Aug.  20, 1904 

55.6 

0.  06 

62.0 

0.11 

69.2 

0,22 

80.1 

0. 44 

89.2 

0. 56 

Tulare  

June  12-27, 1905  

51.9 

.09 

61.3 

.17 

76.2 

.40 

80.4 

.44 

88.  • 

.57 

Chico  

July  8-23, 1905   

52.9 

.12 

61.6 

.22 

79.4 

.40 

81.0 

.45 

89.1 

.58 

Soldiers'  Camp, 

Aug.  2-13, 1905   

60.1 

.25 

69.4 

.42 

80.2 

.60 

87.7 

.70 

nearLone  Pine. 

Mean  

53.4 

.09 

61.3 

.19 

73.5 

.36 

80.4 

.48 

88.7 

.60 

The  mean  figures  on  the  bottom  line  give  an  epitome  of  the  results 
of  the  observations.  Where  the  average  temperature  of  the  water 
surface  was  53.4°  Fahrenheit,  the  daily  evaporation  was  0.09  inch. 
AVhere  the  temperature  was  61.3°  the  evaporation  was  tAvice  as  much. 
Where  the  mean  temperature  was  88.7°  it  was  seven  times  as  much. 
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With  water  temperatures  approximating  00°  the  daily  loss  increased 
more  than  double  from  Berkeley  to  Soldiers'  Camp.  Where  the 
temperature  approximated  90°  the  evaporation  was  less  than  one- 
third  more  at  Soldiers'  Camp  than  at  Berkeley.  The  increase  at 
Soldiers'  Camp  over  the  other  stations  was  in  part  due  to  the  in- 
creased wind  velocity,  it  averaging  4  miles  per  hour  there  and  2.-1  to 
2.87  miles  per  hour  at  the  other  stations.  It  was  also  in  part  due  to 
the  drier  air  at  Soldiers'  Camp,  altho  to  what  extent  is  not  known. 

In  arid  America  the  days  are  warm  and  the  nights  cool.  This  fact 
is  illustrated  in  the  accompanying  diagram  (  fig.  15),  which  shows  the 
hourly  temperatures  of  the  air  in  an  orange  orchard  at  Arlington 
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Fig.  1.5. — Diagram  showing  liourly  temperatures  in  an  orchard  at  Arlington  Heights, 

liiverside.  Cal. 


Heights,  Riverside,  Cal.  The  figures  from  which  the  diagram  was 
made  are  the  mean  of  a  number  of  observations  and  the  result  may 
be  considered  a  fair  representation  of  the  fluctuation,  during  summer, 
in  air  temperatures  in  that  locality.  It  will  be  observed  that  the 
average  temperature  from  7  o'clock  in  the  evening  to  7  o'clock  the 
following  morning  is  59°,  and  that  the  average  temperature  during 
the  twelve-hour  day  period  is  83°,  a  diiference  of  24°  between  night 
and  day. 

Again,  the  temperature  of  the  surface  of  a  bare  soil,  such  as  is 
found  between  the  tree  rows  of  a  cultivated  orchard,  is  much  higher 
than  that  of  the  surrounding  air  in  the  sun.  This  is  clearly  shown 
in  figure  10,  which  represents  the  hourly  records, of  both  at  Arlington 
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Heights,  on  September  29, 1905.  From  7  a.  m.  to  5  p.  m.  the  tempera- 
ture of  the  soil  averaged  22°  higher  than  that  of  the  air.  At  6  p.  m. 
the  soil  was  shaded  by  the  orange  trees. 
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Fig.  16. — Diagram-  showing  hourly  temperature  of  air  in  sun  and  soil  in  sun,  September 
29,  1Q0~^,  in  an  orange  orchard  at  Arlington  Heights,  Riverside,  Cal. 


The  same  fact  is  shown  sonieAvhat  more  fully  and  for  a  longer  period 
in  figure  17.  The  figures  from  Avhich  this  diagram  was  made  were 
obtained  by  taking  a  mean  of  the  morning,  noon,  and  evening  records 


Fig.  17. — Average  daily  temperature  for  ten  consecutive  days. 

of  each  day  for  ten  consecutive  days,  beginning  August  24,  1905. 
The  time  of  taking  these  records  was  usually  8  a.  m.,  12  m.,  and  5  p.  m. 
This  diagram  also  enables  one  to  compare  the  average  day  tempera- 
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lure  of  the  air  with  that  of  shaded  soil  and  the  surface  of  water  con- 
fined in  the  evai)oration  tank.  All  of  the  records  were  taken  on  one 
of  the  orange  orchard  tracts  at  Arlington  Heights. 

Similar  data  are  given  in  figure  18,  which  represents  the  mean  tem- 
l^erature  records  taken  each  day  in  the  same  orchard  while  the  sim 
was  shining  for  a  period  of  nine  consecutive  weeks,  beginning  June 
30,  1905. 

The  diagrams  (figs.  IG  to  18)  show  perhaps  better  than  words  can 
express  the  high  temperatures  reached  by  the  surface  of  dry  soil 
when  exposed  to  the  rays  of  the  sun  in  midsummer.  The  experiments 
on  evaporation  from  a  water  surface  show  that  it  varies  in  amount 
with  the  temperature  of  the  water.  Assuming  that  the  same  law  is 
relatively  true  for  soils,  the  evaporation  must  be  excessive  when  the 
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Fio.  18. — Average  wpekly  temperatures  for  nine  consecutive  weelis. 


temperature  of  dry  soils  is  over  100°  and  that  of  moist  soils  from 
80°  to  90°.  These  results  show  that  from  the  standpoint  of  economy 
in  water  the  best  time  to  irrigate  is  during  the  night  rather  than  the 
day.  There  are,  of  course,  practical  reasons  which  would  prevent 
the  general  adoption  of  this  rule.  Water  is  delivered  continuously 
from  canals,  and  the  users  are  forced  to  take  their  supply  when  it  is 
available,  whether  day  or  night.  The  present  method  in  most  locali- 
ties is  to  attend  to  the  irrigation  stream  during  the  daytime  and  to 
permit  it  to  flow  over  a  field  during  the  nighttime  without  attention. 
In  this  practise  a  change  is  desirable.  Less  water  would  be  wasted 
and  better  results  obtained  if  the  irrigator  rested  during  the  hot 
hours  of  midday  and  worked  far  into  the  night.  Lawns  are  now 
irrigated  almost  wholly  in  the  evening.    The  same  practise  might 
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be  extended  to  truck  gardens  and  small  orchards  with  equally  good 
results. 

EFFECT  OF  SHADE  AND  SHELTER  ON  EVAPORATION. 


It  is  well  known  that  when  crops  cover  the  ground  there  is  much 
less  water  evaj)orated  from  the  surface  of  the  soil.  This  is  mainly 
due  to  three  causes.  In  the  first  place,  the  plants  prevent  in  whole 
or  in  part  the  crusting  over  of  the  surface;  secondly,  the  shade 
created  by  them  lowers  the  temperature;  and  lastly,  the  free  move- 
ment of  the  wnnd  is  checked.  The  first  of  these  causes  pertains  to 
cultivation  and  need  not  be  discust,  but  some  knowledge  of  the 
effect  produced  by  shade  may  be  gained  from  the  temperature  records 
previously  given.  The  following  table  gives  the  daily  temperature 
records  of  soil  in  the  sim  and  soil  in  the  shade,  taken  at  1  p.  m. 
each  day  at  Arlington  Heights,  Riverside,  Cal.,  from  August  24  to 
September  2,  1905  :  . 

Temperature  at  Arliiigtau  Heights,  August  2-'i  to  Septemher  2.  1905. 


Date. 


August  24 
25 
26 

-  27 
28 


Tempera- 
ture of  dry 
soil  in  suii. 

Tempera- 
ture of  dry 
soil  in 
shade. 

Date. 

Tempera- 
ture of  dry 
soil  in  sun. 

Tempera- 
ture of  dry 
soil  in 
shade. 

°F. 

°F. 

°F. 

°F. 

130 

91 

August  29  

135 

'l02 

126 

93i 

30  

140 

1034 

1384 

lOlA 

31  

132 

1014 

143 

100 

September  1  

136 

974 

1414 

1064 

2  

130 

96 

As  regards  the  effect  of  wind  on  evaporation,  observations  were 
made  at  Berkeley  in  1904  and  at  Tulare,  Chico,  and  Lone  Pine  in 
1905.  At  each  of  the  four  stations  at  least  one  tank  was  sheltered 
from  the  wind,  and  the  difference  between  the  evaporation  from  the 
exposed  and  sheltered  tanks  was  noted.  At  Berkeley  two  tanks  were 
sheltered,  the  shelter  being  a  tight  board  fence  7  feet  high  surround- 
ing the  tanks  in  a  triangle.  At  Tulare  and  Chico  a  square  canvas 
shelter  6  feet  high  was  used.  At  Soldiers'  Camp,  near  Lone  Pine, 
the  canvas  was  stretched  against  the  prevailing  southea.st  wind  in 
such  a  way  as  to  nearly  cut  off  the  direct  air  current,  altho  ordinary 
circulation  was  not  interfered  with.  A  standard  anemometer  set 
18  inches  above  the  ground  and  connected  with  an  electric  recording 
instrpment  in  the  observer's  tent  100  feet  away  gave  the  wind 
velocities.  The  results  for  the  four  stations  are  in  the  summary 
following : 
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SuiniiHirij  of  obftcrratioiis  on  iiifliieiicc  of  iriiuJ  on  cratjorulioii  from  iratcr 

surfaces. 


Place. 

Date. 

Expo 
wi 

Aver- 
age 
tem- 
pera- 
ture 
water 
.sur- 
face. 

sed  to 
nd. 

Aver- 
age 
daily 
evapo- 
ration. 

Shield< 
wi 

Aver- 
age 
tem- 
pera- 
ture 
water 
sur- 
face. 

;d  fr(  m 
id. 

Aver- 
age 

daily 
evapo- 
ration. 

Aver- 
age 
veloc- 
ity of 
wind 
per 
hour. 

Average  in- 
crease in  daily 
evaporation  per 
mile  of  wind 
movement. 

Berkeley 

Do  

Tiilare  

Chico  

Soldiers'    Camp  near 
Lone  Pine  

Aug  5-20  1904 

 do  

June  12-26,  im"). . . 
July  8-23,  lyO.'i  .... 

Aug. 2-13,1 905  .... 

o 

63.  9 
64!  0 
76.2 
79.4 

67.2 

Inch. 
0.20 
!21 
.40 
.40 

.43 

°F. 
66. 5 
07!  0 
77.2 
79.2 

66.2 

Inch. 
0. 14 
.13 
.32 
.38 

.33 

Miles. 
2.87 
2.87 
2.4 
2.84 

4.0 

Inch. 

0. 0009 
.0011 
.0014 
.0003 

.0011 

Per  ct. 
0. 65 
.83 
.43 
.07 

.32 

.0010 

.46 

The  mean  of  the  four  series  of  observations  indicates  an  increase 
in  the  daily  evaporation  of  O.-tC)  per  cent  for  eacli  mile  of  wind  move- 
ment. While  the  mean  temperatures  of  the  water  surfaces  in  the 
exposed  and  sheltered  tanks  were  not  always  the  same,  the  departures 
were  .so  small  that  corrections  seem  unnecessary,  considering;  that 
undue  refinement  was  not  attempted  in  conductinc:  the  experiments. 
Both  the  mean  and  individual  results,  notably  that  in  Chico,  where 
the  large  discrepancy  indicates  the  probability  of  eri-or  in  observation, 
are  below  the  results  obtained  by  Fitz-Cierald  in  his  well-known 
Bo.ston  tests,  and  by  Carj^enter "  in  his  tests.  Both  Fitz-Oerald  and 
Carjx'uter  found  increa.ses  of  about  2  [)er  cent  for  each  mile  of  wind 
movement.  These  results  indicate  the  possibility  of  reducing  evap- 
oration losses  considerably  by  the  use  of  wind-l)reaks,  altho  in  orch- 
ards this  is  not  of  great  importance,  since  the  trees  themselves  form  a 
wind-break. 

EVAPORATION  FROM  SOIL  AND  WATER  SURFACES  COMPARED. 

In  carrying  on  experiments  to  determine  the  evaporation  losses 
from  both  bare  and  cropt  soils  the  practise  of  the  writer  has  been  to 
record  also  the  losses  from  a  water  surface  during  each  experiment. 
The  rate  of  evaporation  from  a  water  surface  depends  chiefly  on  the 
temperature  of  the  water,  the  temperature  and  humidity  of  the  sur- 
rounding air,  and  the  velocity  of  the  wind.  These  likewise  influence 
the  evaporation  from  soil  surfaces,  but  in  the  case  of  the  latter  there 
is  an  additional  factor  which  surpasses  all  others  in  its  effect.  This 
is  the  amount  of  moisture  in  the  top  layer  of  soil.  Hence  it  follows 
that  no  reliable  comparisons  can  be  made  between  the  evaporation 
from  soil  and  water  surfaces  without  taking  this  condition  into  con- 
sideration.   In  the  summary  which  follows  the  tanks  which  held 
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water  and  those  which  held  soil  were  placed  near  each  other,  so  that 
the  influences  exerted  by  wind,  sunshine,  temperature,  and  the  condi- 
tion of  the  atmosphere  were  the  same  for  both.  The  following  table 
includes  the  weekly  rate  of  evaporation  from  a  water  surface  and 
also  from  soil  surfaces  containing  different  percentages  of  free  water 
under  the  conditions  stated.  The  soil  was  a  well-pulverized  sandy 
loam  taken  from  an  orange  orchard. 

Evaporal ion  from  soil  and  water. 


Kind  of  soil  and  percentage 
of  free  water. 


Mean  temperature  taken  morning,  noon  and 
evening  in  degrees  Fahrenheit. 


Air  in 
shade. 


Soil  in 
shade. 


Soil  in 


Moist 
soil. 


Surface 
of  water. 


Weekly  evapora- 
tion. 


Soil. 


Sandy  loam — saturated 

Sandy  loam — Vi.f>  

Sandy  loam— 11.9  

Sandy  loam — 8.9  

Sandy  loam — 4.8  


o  p 

95 
106 
106 
108 
108 


o  p 


o  p 


83 


Inches. 
4.75 
1.33 
1. 13 
.88 
.25 


The  table  shows  that  the  loss  of  water  by  evaporation  from  heavily 
irrigated  orchard  soils  while  the  surface  is  quite  wet  may  amount  to 
over  4  inches  per  week,  or  double  that  from  the  surface  of  water 
similarly  situated  and  2  feet  deep.  The  loss  from  soils  containing 
sufficient  moisture  in  the  top  layer  to  nourish  a  vigorous  growth  in 
orchards  is  about  1  inch  per  week,  or  one-half  that  from  a  water 
surface.  Soils  that  are  fairly  dry  on  top  lose  about  one-fourth  inch 
per  week. 

EVAPORATION  FROM  BARE  SOILS. 

Under  this  heading  are  summarized  the  results  of  experiments  on 
evajDoration  from  bare  soils  made  at  different  times  during  the  past 
two  years  at  Tulare,  Pomona,  and  Chico,  Cal.  In  every  case  water- 
jacketed  tanks  were  used,  the  inner  vessel  being  about  17  inches  in 
diameter  and  30  inches  deep,  and  holding  300  to  over  400  pounds  of 
soil.  In  taking  soil  from  a  field  and  placing  it  in  a  tank  each  thin 
layer  was  lightly  tamped  in  order  to  have  the  column  of  soil  in  the 
vessel  correspond  as  nearly  as  practicable  to  a  like  column  in  the 
field. 

EVAPORATION  FROM  TULARE  SOILS. 

The  soils  u.sed  in  this  experiment  were  obtained,  with  one  exception, 
from  the  substation  farm  near  Tulare,  Cal.,  which  was  intentionally 
located  where  the  soil  is  impregnated  with  considerable  quantities  of 
alkali.  Three  different  grades  of  this  soil  were  used  in  the  experi- 
ment. Four  tanks  were  filled  M'ith  soil  from  the  alkali  spots  on 
which  crops  could  not  be  grown,  and  are  designated  as  strong  alkali 
soil.    Four  were  filled  with  coarse,  sandy  soil,  and  ten  with  the  soil 
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which  was  excavated  from  the  trencli  in  which  the  tanks  were  phice'l. 
This  last  was  designated  sandy  loam.  The  remaining  four  tanks 
were  filled  with  dark  loam  from  an  adjoining  farm.  It  contained  a 
considerable  amount  of  oi'ganic  matter  and  little  if  any  alkali. 

After  the  initial  weighings  had  been  made  on  May  30,  1903,  each 
was  irrigated  on  the  surface,  the  amount  applied  being  equal  to  a 
depth  of  2  inches.  The  amounts  of  water  applied  in  depth  over  the 
surface  at  the  frequent  irrigations  and  the  corresponding  dates  are 


given  below. 


Water  (ii>t>Ucd  to  soil  tanks 


Date. 


May  30 
June  6 
13 
20 

July  4 
18 


Inches. 


2.00 
2.00 
1.00 
1.00 
.25 
.25 


Date. 

Inches. 

Aug.  1  

1.00 

15  

1.00 

29  

I.  00 

Sept.  12  

1.00 

26  

1.00 

Oct.  10  

.50 

Date. 


Oct.  24  ... 
Nov.  7.... 

21.... 
Dec.  5.... 

Total 


Inches. 


0.50 
.50 
..50 
.50 


14.00 


The  soil  in  some  of  the  tanks  of  each  group  was  not  cultivated 
either  before  or  after  irrigation.  In  the  remainder,  the  surface 
layer  of  soil  was  either  cut  with  a  shovel  or  overturned,  but  not 
pulverized,  the  day  following  each  irrigation.  In  loosening  the  soil 
with  a  shovel,  an  attempt  was  made  to  imitate  poor  cultivation. 
No  weeds  were  allowed  to  grow  on  any  of  the  tanks. 

The  results  of  the  experiments  with  twenty-two  tanks,  which 
lasted  from  May  30  to  December  9,  a  period  of  six  months  and  nine 
days,  are  summarized  in  the  following  table: 

Evaixirati'iii  from  hare  soils  at  Tulare,  Cat. 


Number  of 
trials. 


Initial  mois- 
ture   

2  

,2  

2  

2  

4  

6  

2  , 

2  


Mean . 


Depth  over  surface. 


Rainfall. 


Inches 


0. 42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 


Irriga- 
tion. 


Inches. 


Total. 


Inches. 
2.80 
14.42 
14.42 
14. 42 
14.42 
14.  42 
14. 42 
14. 42 
14.42 


17.22 


Loss  by  evapora- 
tion. 


Depth 
over 
surface. 


Inches. 


12.9 
13.9 
15.0 
12.6 
12.6 
14.0 
15.9 
15.6 


14.1 


Total 
water  re- 
ceived. 


Per  cent. 


82 


Remarks. 


Strong  alkali  soil,  not  cultivated. 
Strong  alkali  soil,  podrly  rultivHted. 
Coarse  .sandy  soil,  not  <'ultivated. 
Coarse  sandy  soil,  pocirly  cultivated. 
Sandy  loam,  not  cnllivaled. 
Sandy  loam,  poorly  cultivated. 
Dark  loam,  not  cultivated. 
Dark  loam,  poorly  cultivated. 


The  preceding  table  shows  that  in  a  region  like  the  San  Joaquin 
Valley  in  California,  where  the  temperature  in  summer  is  high  and 
the  evaporation  excessive,  small  amounts  of  water  applied  to  the  sur- 
face at  frequent  intervals  and  without  being  followed  by  thoro  culti- 
vation are  of  little  value.    According  to  the  table,  82  jjor  cent  of  all 
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the  free  moisture  in  the  soil  was  evaporated  from  the  surface  of  bare 
soil,  which  equaled  98  per  cent  of  that  received  from  irrigation  and 
rainfall. 

Another  point  which  should  be  emphasized  is  the  fact  that  imper- 
fect cultivation  is  of  little  benefit  in  checking  evaporation,  the  aver- 
age percentage  of  loss  for  the  two  being  exactly  equal  in  this  experi- 
ment.   The  surface  layer  should  be  well  pulverized — a  mere  loosening 

of  the  soil  will  not  suf- 
fice. In  this  connection 
it  is  well  to  keep  in 
mind  the  fact  that  the 
soils  used  in  the  experi- 
ment were  for  the  most 
part  im^Dregnated  with 
alkali,  and  that  such  soil 
is  difficult  to  cultivate 
and  does  not  make  an 
effective  mulch.  Then 
again,  if  a  crop  had 
been  grown  on  this  irri- 
gated soil,  the  lolants 
would  have  received  a 
portion  of  the  irrigation 
water  before  it  had  a 
chance  to  escape  into  the 
air  b}^  surface  evapora- 
tion. 

Figure  19  shows  the 
average  monthly  losses 
by  evaporation  from 
the  twenty -two  tanks, 
as  well  as  the  amount 
of  water  applied  each 
month  and  the  average 
moisture  content  of  the 
soil. 

EVAPORATION  FROM  POMONA  SOILS. 

On  June  20,  1903,  three  tanks  were  filled  with  sandy  loam  taken 
from  a  trench  in  a  corner  of  the  substation  farm  near  Pomona,  Cal. 
The  surface  soil  was  irrigated  once  a  month  by  apphing  2  inches 
of  water  in  depth  over  the  surface,  and  one  or  two  days  afterwards 
it  was  cultivated  to  a  depth  of  a  few  inches.  A  little  rain  fell  in 
both  August  and  September.    The  monthly  losses  by  evaporation 
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as  well  as  the  total  loss  from  June  liO  to  October  24,  a  period  of 
four  months  and  four  days,  are  given  in  the  followins;  table: 


Evaporation  from  surface  of  hare  soils  at  Pomona,  June  20  to  October  24,  1903. 


Tank 
No. 

Initial 
weight. 

Water  added. 

Loss  by  evaporation. 

June  20 

to 
July  24. 

July  24 

to 
Aug.  24. 

Lbsr 
16.00 
16. 00 
16. 00 

Aug.  24 
to 

Sept.  28. 

Sept.  28 

to 
Oct.  24. 

June  20 

to 
July  24. 

July  24 

to 
Aug.  24. 

Aug.  24 

to 
Sept.28. 

Sept.  28 

to 
Oct.  24. 

Total. 

Per 
cent. 

8  

9  

10 

Lbs. 

3,  .565 
3, 735 
3,  ,575 

IMS. 
16.00 
16.00 
16.00 

Lbs. 
17.92 
17.92 
17.92 

Lbs. 
16.32 
16.32 
16.32 

Ihs. 
12.  75 
14.25 
14.50 

Lbs. 
18.25 
16. 75 
16.75 

Lbs. 
17.80 
15.80 
16. 06 

IMs. 
13.50 
15.00 
14.20 

Lbs. 
62.30 
61.80 
61.50 

In. 
7.60 
7.54 
7.50 

94 
93 
93 

EVAPORATION  FROM  ORCHARD  SOILS. 

In  the  sprin<2:  of  1!)04  soils  were  shipped  from  Fullerton,  Red- 
lands,  and  Riverside,  Cal.,  to  the  substation  near  Pomona  for  experi- 
mental purposes.  The  Fullerton  soil  was  a  heavy  dark  loam,  typical 
of  much  of  the  best  walnut  lands  of  Orange  County;  that  from 
Riverside  was  a  sandy  loam  from  an  orange  grove,  and  that  from 
Redlancls  was  a  retentive  red  clay,  also  from  an  orange  orchard. 
Each  of  these  soils  was  placed  in  separate  tanks  and  installed  beside 
two  tanks  of  Pomona  soil,  all  being  quite  dry  at  the  time,  and  the 
loss  by  evaporation  determined.  The  amounts  of  both  rainfall  and 
irrigation  water  which  were  added  to  the  tanlts  each  month,  as  well 
as  the  corresponding  losses,  are  given  in  the  following  table: 


Loss  by  evaporation  from  orchard  s<tU-'<  at  Poinoiut.  Fchruani  :?.?  to  AiK/ii.st 

31,  190 'i. 


WATER  ADDED. 


Tank  No. 

Initial 
weight. 

Feb.  23 

to 
Apr.  30. 

Apr.  30 

to 
May  31. 

May  31 
to 

June  30. 

June  30 

to 
July  26. 

July  26 

to 
Aug.  31. 

ia  

Pounds. 
345. 0 
375. 5 
449.0 
430.0 

Pounds. 
54.8 
54.8 
54.8 
54.8 

Pounds. 
17.44 
17. 44 
17.44 
17.44 

Pounds. 
16. 00 
16.00 
16.00 
16.00 

Pounds. 
16. 00 
16.  00 
16.  00 
16.00 

Pounds. 
1.52 
1.52 
1.52 
1.52 

9-10  b  

Co  

Yd 

LOSS  BY  EVAPORATION. 


Tank  No. 

Initial 
weight. 

Feb. 23 

to 
Apr.  30 

Apr.  30 

to 
May  31. 

May  31 

to 
June  30. 

June  30 

to 
July  26. 

July  26 

to 
Aug.  31. 

Total. 

Per 
cent. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Inches. 

4o  

345.0 

50.20 

9.  .50 

9.25 

13.00 

10.35 

92.30 

11.25 

87 

9-10  b  

375. 5 

68.83 

12.  00 

14.50 

15.  25 

11.22 

121. 80 

14.85 

115 

C  c  

449.0 

61.45 

7.  75 

11.00 

12.  50 

3. 10 

95.80 

11. 68 

91 

Frt. 

430.0 

42.20 

13.  .50 

11.00 

15.00 

7.85 

89.55 

10.92 

85 

94 

a  Fullerton  soil.  b  Pomona  soil.  c  Redlands  .soil.  d  Riverside  soil. 
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The  evaporation  losses  from  the  same  types  of  soils  at  Pomona 
from  September  1  to  December  14,  1904,  together  with  the  amount  of 
Avater  received  in  both  rainfall  and  irrigation,  are  given  in  the  fol- 
lowing table : 

Lo.s.s-       crdporuilnu  from  surface  of  orchard  soils  at  I'fimoiia  from  firpiemher 

1  to  Decemhcr  l.'i,  190 J,. 


Tank  No. 

Initial 
^veight. 

Water  added. 

Loss  by  evaporation. 

Total. 

Per 
cent. 

Sept.  1 

to 
Oct.l. 

Oct.  1 

to 
Nov.  1. 

Nov.l 

to 
Dec.  1. 

Dec.l 

to 
Dec.l4 

Sept.  1 

to 
Oct.  1. 

Oct.l 

to 
Nov.l. 

Nov.l 

to 
Dec.l. 

Dec.l 

to 
Dec.  14 

-in  

g-iu;-  

0  <-■  

Fd 

Lbs. 
317. 00 
345. 75 
344. 75 
345. 75 

Lbs. 
8. 00 
8.00 

Lbs. 
11.92 
11.92 
11.92 
11.92 

Lbs. 
8. 00 
8. 00 
8. 00 
8.00 

Lbs. 
8.00 
8.00 
8. 00 
8. 00 

Lbs. 
10. 75 
9. 50 
4.00 
4.25 

Lbs. 
11.85 
12.  35 
13.35 
14. 10 

Lbs. 
7. 50 
7.75 
7.75 
7.00 

Lbs. 
6.00 
5.13 
8. 65 
7.90 

Lbs. 
36. 10 
34. 73 
33. 75 
33.25 

Jn. 

4.40 

4.24 

4.12 

4.05 

100 
97 
121 
116 

a  Fullerton  soil.  b  Pomona  soil.  c  Redlands  soil.  ii  Riverside  soil. 


EVAPORATION  FROM  CHICO  SOILS. 

On  February  9,  1905,  an  experiment  was  begun  near  Chico,  Cal., 
to  determine  the  probable  loss  of  water  by  evaporation  from  j^lowed 
fields  during  the  spring  months.  Six  double  water-jacketed  tanks 
were  filled  with  dark  loam  taken  from  the  plant  introduction  garden 
farm  of  the  United  States  Department  of  Agriculture,  located  near 
Chico.  The  soil  was  quite  moist  when  placed  in  the  tanks,  con- 
taining on  an  average  17.3  per  cent  of  free  moisture.  No  irrigation 
water  was  applied,  since  the  rainfall  of  February,  March,  and  April, 
amounting  to  9.12  inches,  was  sufficient  to  keep  the  soil  continuously 
moist.  No  Aveeds  were  allowed  to  grow,  but  the  surface  was  not 
cultiA^ated.  The  experiment,  which  lasted  from  February  9  to  May  9, 
1905,  a  period  of  three  months,  was  conducted  by  Prof.  P.  H.  Dorsett, 
in  charge  of  the  plant  introduction  garden.  The  rainfall  and  evapo- 
ration losses  for  each  month  are  given  in  the  following  table : 

Loss  hij  e  vapor  at  ion,  from  surface  of  hare  soils  at  Chico,  Gal..  Fchriianj  9  to 

May  9,  190.5. 


Tank  No. 

Initial 
weight. 

Rainfall. 

Rainfall. 

Loss  by  evaporation. 

Feb. 

Mar. 

Apr. 

Feb. 

Mar. 

Apr. 

Feb. 

Mar. 

Apr. 

Total. 

Per 
cent. 

63 
62 
66 
63 
64 

1  

9 

3  

5  

6  

Average 

Lbs. 
367 
367 
367 
367 
367 

In. 

1.52 

1.52 

1.52 

1.52 

1.52 

In. 
4. 29 
4.29 
4. 29 
4.29 
4. 29 

In. 
3.31 
3.31 
3.31 
3. 31 
3. 31 

Lbs. 
12.6 
12.6 
12.6 
12.6 
12.6 

Lbs. 
35.8 
35.8 
35.8 
35.8 
35.8 

Lbs. 
27.6 
27.6 
27.6 
27.6 
27.6 

X6s. 
9.6 
8.6 
8.6 
9.6 

10.6 

Lbs. 
15.8 
15.8 
19.8 
17.8 
17.8 

Lbs. 
22.  6 
22.6 
22.1 
20.6 
20.6 

Lbs. 
48.0 
47.0 
.50.5 
48.0 
49.0 

In. 
5. 76 
5. 64 
6. 06 
5.76 
5.88 

63 

The  conclusions  which  may  be  drawn  from  a  study  of  tlie  ]ireced- 
ing  tables  are  briefly  stated  as  f oIIoavs  : 

(1)  The  evaporation  losses  from  ploAved  but  uncropt  soils  in  the 
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warmer  valleys  of  California  may  exceed  iiiiie-lentlis  of  the  water 
applied  to  the  surface  in  small  amounts  at  fre(iuent  intervals,  and 
without  being  followed  by  thoro  cultivation. 

(2)  The  stirring  or  overturning  of  surface  soil  which  is  not  well 
pulverized  may  increase  rather  than  decrease  the  loss  by  evaporation. 

(3)  The  character  of  the  soil  does  not  appear  to  exert  much  influ- 
ence in  the  rate  of  evaporation. 

(i)  On  the  ploAved  but  uncropt  farms  of  the  Sacramento  Valley 
in  California,  the  loss  from  evaporation  from  February  9  to  May  J), 
1905,  was  equivalent  to  a  depth  of  5  inches  over  the  surface. 

WATER  REaUIREMENTS  OF  CROPS. 

In  planning  experiments  to  determine  the  evaporation  losses  from 
bare  soils  under  different  conditions  it  w^as  thought  advisable  to  use 
part  of  the  equipment  during  certain  2:)eriods  for  the  raising  of  crops 
within  water-jacketed  tanks.  The  purpose  of  experimenting  with 
some  of  the  staple  crops  was  threefold  :  (1)  To  ascertain  some  of  the 
effects  of  applying  different  amounts  of  water  on  the  gro^Ath  and 
yield  of  plants;  (2)  to  determine  the  amount  of  Avater  evaporated 
from  both  plants  and  soil  mider  given  conditions,  and  (3)  to  ascer- 
tain the  difference  between  the  amount  evaporated  by  the  soil  and 
that  transpired  from  the  foliage  of  plants.  The  first  and  second  of 
the  objects  named  presented  no  serious  difficulties,  but  in  the  case  of 
the  third  no  px-actical  means  could  be  adopted  that  would  maintain 
alike  all  the  conditions  which  influence  evaporation  in  both  the  bare 
and  cropt  soils  within  the  tanks.  Such  climatic  conditions  as  wind, 
sunshine,  rain,  and  temperature  could  be  made  and  Avere  made 
practically  the  same  in  both  Avhile  the  plants  were  young,  but  Avith 
maturer  growth  differences  caused  by  the  shading  and  protection  of 
the  soil  could  not  be  preA'ented. 

In  each  experiment  eA^aporation  from  bare  tanks  was  measured, 
l)ut  the  cropt  tanks  received  different  quantities  of  water.  The 
experiments  previously  reported  show  that  the  quantity  of  Avater  in 
the  soil  has  a  greater  influence  on  evaporation  than  any  other  factor, 
and  it  can  not  be  assumed  t4iat  the  difference  between  the  quantities 
lost  from  the  bare  soil  and  from  the  cropt  tanks  represents  the 
quantities  consumed  by  the  plants.  The  experiments  are,  therefore, 
chiefly  valuable  as  showing  the  crop  yields  from  similar  tanks  re- 
ceiving different  quantities  of  Avater.  The  results  are  summarizeci 
under  the  various  experiments. 

WHEAT  EXPERIMENT  NO.  1,  AT  TULARE. 

The  first  experiment  with  Avheat  Avas  begun  at  Tulare  December  11, 
1903.   Nine  Avater-jacketed  tanks,  12  inches  in  diameter  and  29  inches 
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deep,  were  used,  tlie  soil  with  which  they  were  filled  being  a  rich  black 
loam  from  the  Foster  farm,  1  mile  southeast  of  the  Tulare  substa- 
tion. For  twenty  years  this  soil  had  been  raising  barley,  wath  the 
exception  of  1903,  when,  after  summer  fallowing,  14  sacks,  or  33 
bushels,  of  wheat  were  raised  per  acre.  Tanks  1  to  7  were  seeded 
to  White  Australian  wheat  on  the  day  the  experiment  w^as  begun, 
but  tanks  19  and  20  were  left  bare  for  determining  mei'ely  the 
loss  by  evaporation.  The  tanks  were  all  weighed  on  December 
11,  again  on  Februarj^  10,  and  monthly  thereafter  until  the  close  of 
the  ex23eriment.  Owing  to  the  cold,  foggy  days  of  the  winter  but 
little  loss  occurred  during  the  first  two  months,  and  on  February  10 
only  a  few  blades  of  grain  had  come  up.  On  March  12  it  was  3  to  7 
inches  high,  hut  thinner  than  might  have  been  desired.  On  April  12 
it  was  8  to  10  inches  high  and  showed  little  injury  from  the  preceding- 
dry,  hot  weather.  Irrigation  Avas  begun,  on  that  date.  It  was 
arranged  that  tanks  1  and  2  should  be  left  without  water ;  that  tank  3 
should  receive  4  inches  immediately,  but  no  more;  and  that  tanks  4 
to  7  should  receive  several  waterings  of  4  inches  each.  This  schedule 
was  later  slightly  changed,  and  by  June  14,  Avhen  the  crop  Avas  har- 
vested, tank  4  had  receiA'ed  8  inches,  exclusive  of  the  rainfall  of  6.28 
inches;  tank  .5,  12  inches,  and  tanks  6  and  7,  each  10  inches.  After 
the  crop  was  harvested,  it  Avas  found  that  the  soil  in  all  of  the  tanks 
Avas  dry.  No.  7  being  badly  caked,  and  Nos.  1  and  2  dry  and  dusty  on 
top — apparently  not  greatly  different  from  Avhen  placed  in  the  tank 
on  December  9,  1903. 

The  yields  from  the  various  tanks,  together  Avith  the  amount  of 
Avater  receiA^ed  and  the  net  loss  in  Aveight  during  the  season,  are  given 
in  the  following  summary :  , 

Yields  of  wheat,  total  water  received,  and  water  lost  hy  evaporation  (nul  trans- 
pired and  used  hy  crop  in  Tulare  wheat  experiment,  1903-.'/. 


Niimbere  of  tanks. 

Total  water 
received. 

Total  net 
loss  during 
season. 

Yield  of 
grain. 

Pounds. 

Pounds. 

Grams. 

1  and  2  

57.27 

79. 77 

0.0 

3  

93. 75 

113.75 

10.0 

4  

128. 49 

147. 49 

14.0 

5  

161.  49 

186. 49 

19.0 

6  and  7  

199.  71 

216. 71 

38.0 

19  and  20  a  

75.51 

69.76 

a  Bare  soil. 


Altho  it  was  intended  that  tanks  6  and  7  should  receive  suffi- 
cient Avater  to  reduce  the  yield,  this  result  was  not  obtained.  So  far 
as  yield  is  concerned,  the  exj)eriment  seems  merely  to  shoAV  that,  up 
to  a  certain  point  at  least,  an  increase  in  the  quantity  of  water  applied 
increases  the  A'ield. 
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WHEAT  EXPERIMENT  NO.  2,  AT  TULARE. 

This  experiiuont  was  a  repetition  of  the  first  wheat  experiment  ;it 
Tuhire,  with  snch  aherations  as  the  different  seasons  demanded  and 
the  first  experiment  sugfiested.  Tanks  1  to  7  and  -21  were  used,  num- 
bers 1  and  21  Ix'iiig  bare,  and  the  remainder  being  seeded  on  January 
12,  1905,  to  California  spring  wheat  from  the  substation  at  Tuhire. 
The  soil  used  in  the  previous  experiment — a  10-inch  subsoil  of  worii- 
out  c'rain  soil  covered  with  20  inches  of  black  loam — was  retained 
for  this  experiment,  and  it  contained  at  the  time  of  seeding  15.52.  per 
cent  of  free  moisture.  This  experiment  and  a  simultaneous  barley 
expei'iment  were  the  first  in  which  the  aim  to  give  some  tanks  suffi- 
cient water  to  clearly  retard  growth  and  reduce  the  yield  was  realized. 

The  spring  of  1905  was  a  backward  one  thruout  San  Joaquin  Val- 
ley, rainfall  and  fogs  greatly  holding  back  all  crops.  However,  on 
March  15  the  growth  was  thrifty,  the  wheat  being  about  10  inches 
high.  On  May  3  the  crops  in  tanks  2  and  3,  which  by  the  schedule 
were  to  receive  no  water,  were  drying  up,  not  having  grown  any  since 
April  13.  On  the  same  date  tanks  6  and  7,  which  it  was  intended 
should  receive  too  much  water,  were  saturated  and  the  wheat  in  them 
was  turning  yellow.  The  crop  in  tanks  4  and  5,  however,  which  were 
to  receive  as  nearly  as  ])racticable  the  amount  needed  for  the  most  sat- 
isfactory growth,  were  in  good  condition.  The  experiment  was  ter- 
minated on  June  22,  when  the  final  weights  were  taken  and  the  crop 
harvested. 

On  March  15.  when  it  became  necessary  to  begin  irrigation,  a  defi- 
nite schedule  of  applying  water  was  arranged,  by  which  tanks  2  and  3 
were  to  receive  no  water,  tanks  4  and  5  were  to  receive  a  depth  of  2 
inches,  and  tanks  (>  and  7  a  depth  of  -i  inches  for  at  least  three  moiv, 
waterings.  On  April  13  the  amount  for  each  watering  was  changed 
to  3  inches  in  depth  for  tanks  i  and  5  and  to  5  inches  for  tanks  6  and 
7.  The  total  amount  of  water  finally  applied  was,  in  addition  to  the 
rainfall  of  8.07  inches,  4-  inches  for  tanks  2  and  3,  10  inches  for  tanks 
■i  and  5,  and  19  inches  for  tanks  0  and  7.  Bare  tanks  1  and  21  each 
received  an  average  of  2.62  inches  in  depth. 

The  difference  in  yield  in  the  various  tanks  is  shoAvn  in  the  table 
beloAV.  In  this  table  the  yields  from  the  tanks  receiving  the  same 
(piantities  of  Avater  are  averaged. 

Yieldx  of  n-liciit  in  fiiiih-s  2  to  7,  at  Tulare,  Jaiiiuirii  II  to  Jmir       lUii.'i.  irith 
amounts  of  water  received. 


Numbers  of  tanks. 

Total  water  re- 
ceived. 

Loss. 

Yield  of 
grain. 

Pounds. 

Inches. 

Pounds. 

Grams. 

2  aiifl  8  

110. 08 

12.07 

136. 58 

11.2 

4  and  5  

164.  80 

18.07 

190. 30 

33.6 

6  and  7  

246. 88 

27. 07 

254. 68 

16.6 

1  and  21  

o97. 53 

10.  (19 

92.60 

"  Bare  soil. 
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From  the  above  it  would  seem  that  a  total  depth  of  27.07  inches  of 
water  is  more  than  wheat  can  use  to  advantage  under  climatic  con- 
ditions similar  to  those  which  obtained  during  this  experiment.  The 
reduction  of  50  per  cent  in  the  jaeld  by  the  application  to  tanks  6  and 
7  of  9  inches  more  than  tanks  4  and  5  received  is  conclusive  as  to  this. 
This  does  not  necessarily  mean,  however,  that  the  same  result  would 
follow  under  field  conditions,  because,  as  has  been  repeatedly  pointed 
out,  no  water  is  lost  from  the  tanks  by  percolation  beyond  the  reach 
of  the  crop. 

BARLEY  EXPERIMENT  NO.  1,  AT  TULARE. 

This  experiment,  the  first  in  which  barley  was  the  crop  used,  was 
begun  December  11,  1903,  simultaneously  wdth  the  first  wheat  ex- 
l^eriment.  The  purpose  was  to  determine  the  effect  of  varying  the 
amount  of  water  applied  to  barley  growing  in  sandy  loam  that  had 
been  cropped  to  grain  continuously  for  twelve  or  fifteen  years,  yield- 
ing an  average  of  800  pounds  per  acre.  Nine  water-jacketed  tanks 
numbered  17  and  18  and  from  21  to  27,  were  used,  all  being  17  inches 
in  diameter  and  29  inches  deep.  The  soil  was  placed  in  the  tanks 
as  nearly  as  jDOSsible  in  its  natural  condition,  which  Avas  4  or  5  inches 
on  the  surface  of  partly  pulverized  soil,  underlaid  Avith  a  plow  sole 
of  the  same  material  extending  10  to  14  inches  below  the  surface, 
Avhich  Avas  in  turn  underlaid  with  a  fairly  moist  reddish  sand,  Avith 
a  little  loam  intermixt.  On  February  10  but  little  groAvth  had 
occurred,  but  by  March  12  it  Avas  Aagorous,  the  grain  being  5  to  10 
inches  high.  On  April  12  the  grain  Avas  quite  uniform  in  the  tanks 
iind  beginning  to  head  out.  It  Avas,  howcA^er,  shoAving  the  effects  of 
the  recent  dry  Aveather,  no  Avater  having  yet  been  applied.  On  this 
date  4  inches  in  depth  Avas  applied  to  all  but  bare  tanks  17  and  18 
and  cropped  tanks  21  and  22,  the  intention  being  to  leaA'e  the  two 
latter  Avithout  Avater  thruout  the  season.  No  more  Avater  Avas  ajiplied 
to  tank  2.3,  but  No.  24  received  4  more  inches  in  depth  during  the 
remainder  of  the  season;  No.  25,  8  inches;  and  Nos.  26  and  27,  12 
inches.  On  May  11  tanks  21  and  22,  which  receiA^ed  no  Avater, 
hardly  had  sufficient  groAA^th  to  make  a  stand.  The  others  on  the 
same  date  Avere  better  in  appearance  in  about  the  proportion  that 
they  had  received  more  Avater.  The  soil  in  all,  however,  Avas  abnor- 
mally dry,,  and  only  in  the  three  tanks  Avhich  had  receiA^ed  the  most 
Avater  was  the  grain  normall}'  headed  and  filled  out. 

'\'\'^ien  the  experiment  Avas  terminated  and  the  soil  turned  out  of 
the  tanks,  that  in  Nos.  21  and  22,  Avhich  receiA^ed  no  irrigation  Avater, 
Avas  A^ery  dry.  Roots  had  accumulated  in  the  bottom  of  the  tanks 
in  their  search  for  Avhat  moisture  the  soil  contained.  The  bare  tanks, 
17  and  18,  Avere  fairly  moist  up  to  within  4  to  G  inches  of  the  surface. 
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In  Xos.  26  and  27,  whit-li  roceivcnl  the  most  water — 10  iiiclu's  in  addi- 
tion to  rainfall — the  surface  was  dry,  but  the  l)ottoni  layers  were 
qnite  moist 

All  the  tanks  were  weighed  on  December  11.  when  the  experiment 
was  begim,  again  on  February  10,  and  monthly  thereafter.  This 
makes  it  possible  to  show  the  seasonal  net  losses  in  weight  from 
evaporation  and  the  use  and  transpiration  of  water  !)y  the  crop. 
These  losses,  as  well  as  the  total  amounts  of  water  received  by  eacvi 
tank  and  the  yields  of  grain,  are  given  in  the  following  summary: 

Yields  of  harlci/.  total  icater  received,  and  /o-s-.v  hj/  eraimration  and  aiiioinit  of 
water  transpired  and  used  hy  crop  in  Tulare  harleij  experiment,  1003-'i. 


Numbers  of  tanks. 

Total 
w.iUr 
recL'ivcil. 

Total  not 
lo.^.Uir- 
ins;  sea- 
son. 

Yield  of 
grain. 

Poiiiifh. 

Pounds. 

Orams. 

21  and  22  

fi7.  27 

78.27 

27 

23  

93.  7.T 

107. 75 

41 

24  

128. 49 

148.49 

62 

25  

161.49 

170. 49 

48 

2(iaiul27  

198. 71 

198. 96 

66 

17  and  18  

75. 51 

78.01 

This  experiment  proved  of  little  value,  except  to  show  th.e  total 
(juantities  of  water  lost,  since  the  yields  do  not  follow  any  rule  with 
relation  to  the  quantities  of  water  applied.  Bnt  if  the  results  from 
tank  25,  in  which  the  vield  was  below  that  in  the  next  preceding  tank, 
which  received  less  water,  be  thrown  out,  there  is  found  to  be  a  slight 
increase  in  yield  with  the  different  amounts  of  water  applied  and  with 
the  ditferent  amounts  that  were  used  by  the  crops.  In  other  Avords, 
up  to  the  limits  of  the  experiment  there  was  a  steady  increase  in  the, 
yields  and  in  the  amounts  of  water  used  by  the  jilant  with  the  i.ncrease 
in  the  amount  of  water  aj^plied. 

BARLEY  EXPERIMENT  NO.  2,  AT  TULARE. 

^\Tien  the  second  experiment  with  wheat  was  begun  at  Tulare,  on 
January  11,  1905,  a  second  experiment  was  also  begun  Avith  barley. 
Tanks  14,  IG  to  20,  and  1  to  21  were  used,  the  two  latter  being  the 
bare  tanks  also  referred  to  in  connection  with  the  second  wheat 
experiment.  The  soil  of  the  previous  experiment  was  retained  for 
this  one,  containing  at  the  start  15.52  per  cent  of  free  moisture. 

On  January  11  tanks  14  and  IC)  to  20  were  seeded,  the  barley  used 
being  numbered  7900  on  the  substation  record.  On  March  15  the 
stand  had  reached  an  average  height  of  about  12  inches  and  was 
thrifty.  Thus  far  a  depth  of  i  inches  of  irrigation  water  had  been 
given.  By  April  13,  altho  still  thrifty,  the  crop  had  begun  to  show  a 
need  for  water,  and  part  of  it  Avas  beginning  to  head,  the  aA'erage 


56 


height  being  about  24  inches.  On  May  27  the  crop  was  harvested 
and  the  experiment  terminated.  Counting  rainfall  of  8.07  inches, 
the  total  depth  of  water  received  had  been  10.69  inches  for  bare  tanks 
1  and  21,  12.07  inches  for  tanks  19  and  20,  18.07  inches  for  tanks  17 
and  18.  and  27.07  inches  for  tanks  14  and  16. 

The  difference  in  yield  in  the  various  tanks  is  shown  in  the  table 
below.  In  this  table  the  yields  from  the  tank-s  receiving  the  same 
quantities  of  water  are  averaged. 

Yields  of  'barleij  in  tanks  at  Tulare,  Gal.,  January  11  to  May  27,  1905.  tvith 
amounts  of  water  used  and  lost. 


Number  of  tanks. 

Total  water  re- 
eceivd. 

Lo.ss. 

Yield  of 
grain. 

19  and  20  

Pounds. 
110. 08 
164. 80 
246. 88 
97.53 

Inches. 
12. 07 
18. 07 
27. 07 

Pounds. 
130.0 
1.57. 3 
194.7 
92.6 

Grams. 
85.7 
139.2 
60.0 

17  and  18  

14  and  16  

1  and  21  

The  above  table  shows  that  while  a  depth  of  18.07  inches  of  water 
gave  a  large  increase  in  yield  over  a  depth  of  12.07,  a  depth  of  27.07 
inches  not  only  reduced  the  yield  below  that  from  the  tanks  receiving 
18.07  inches,  but  also  below  that  from  the  tanks  receiving  only  12.07 
inches.  The  evils  of  overirrigation  without  proper  drainage  are 
therefore  plain. 

HORSE-BEAN  EXPERIMENTS,  BERKELEY. 

The  purpose  of  this  experiment  was  to  determine  the  effect  of 
api^lying  different  amounts  of  water  to  the  common  Portuguese  or 
horse  bean  {Vicia  faha)  raised  during  the  late  fall  and  winter. 
This  bean  is  grown  quite  largely  for  commercial  use  in  some  of  the 
market-garden  districts  surrounding  San  Francisco  Bay,  and'  at  the 
time  of  the  experiment  the  California  Agricultural  Experiment  Sta- 
tion was  raising  it  at  some  of  the  substations  with  a  view  to  deter- 
mining its  value  as  a  green-manuring  plant.  The  equipment  used 
consisted  of  seven  water- jacketed  tanks  17  inches  in  diameter  and 
29  inches  deep.  These  tanks  were  filled  two-thirds  full  with  a 
clayey  soil.  For  the  remainder  of  the  depth  a  virgin  clayey  loam, 
slightly  enriched  Avith  cow-barn  manure,  was  used.  The  f  ree-moistui'e 
content  averaged  8.7  per  cent. 

The  seed  was  j^lanted  in  six  of  the  tanks  on  September  1,  1904,  the 
other  tank  being  left  bare.  Eight  beans,  in  four  hills  of  two  beans 
each,  were  j^laced  in  each  of  the  six  tanks.  On  the  same  date  the 
initial  Aveights  of  the  tanks  were  taken. 

When  the  experiment  was  begun  it  was  proposed  that  two  tanks 
should  receive  no  water  except  rainfall,  that  two  should  be  given 
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such  an  amount  as  would  give  best  results — believed  to  be  a  depth 
of  about  G  inches  in  addition  to  the  usual  fall  and  winter  rain — and 
that  the  remaining  two  containing  beans  should  receive  an  excessive 
amount,  probablj'  a  depth  of  12  inches  or  more.  With  the  exce^jtion 
of  a  depth  of  1  inch  of  water  applied  within  a  week  after  planting, 
made  desirable  by  excessively  hot  weather  immediately  following 
planting,  this  plan  was  followed  so  far  as  irrigation  was  concerned. 
The  rainfall  for  the  winter,  however,  was  abnormal,  19.10  inches 
falling  between  Sei^tember  22  and  February  (>,  when  the  experiment 
was  terminated.  The  result  was  a  smaller  ditference  in  the  total 
amounts  of  water  received  by  the  tanks  than  -Avas  intended,  and  con- 
sequently a  smaller  difference  in  the  yields.  The  total  amounts 
received  by  the  six  tanks  were,  including  the  rainfall  of  19.10 
inches,  20.10  inches  for  tanks  1  and  2,  24.10  inches  for  tanks  3  and  4, 
and  32.85  inches  and  34.10  inches,  resj^ectively,  for  tanks  5  and  (>. 
Altho  tank  No.  7,  which  was  bare,  received  only  1  inch  of  irriga- 
tion water,  the  heavy  rains  kept  it  saturated  thruout  the  term  of  the 
experiment,  and  at  various  times  sufficient  standing  water  was  re- 
moved from  the  surface  to  make  a  total  depth  so  removed  for  the 
season  of  9  inches.  At  one  time,  before  the  plants  had  made  much 
growth,  it  was  also  necessary  to  remove  about  2  inches  each  from 
the  four  irrigated  tanks.  This  excessive  moisture  showed  plainly 
in -the  plants,  all  turning  a  yellowish  color  and  being  far  less  thrifty 
in  api^earr.nce  than  those  in  the  two  unirrigated  tanks,  Nos.  1  and  2. 
When  all  of  the  plants  became  larger,  however,  the  conditions  were 
reversed,  the  unirrigated  plants  falling  behind  and  the  irrigated 
plants  quickly  using  up  any  excess  of  moisture  that  accumulated 
from  rainfall  or  overirrigation.  On  December  8  the  plants  in  the 
unirrigated  tanks  were  badly  wilted  and  those  in  tanks  3  and  4  be- 
ginning to  wilt,  altho,  including  rainfall,  they  had  received,  respect- 
ively, 10.88  and  13.88  inches  of  water.  Altho  the  0.21  inch  of  rain- 
fall of  the  next  five  days  revived  them  somewhat,  they  were  again 
wilting  on  December  IG,  and  also  blossoming.  Meanwhile,  the 
plants  in  5  and  G,  which  had  received  a  total  of  22.88  inches  of  water, 
were  still  thrifty  and  growing,  showing  that  the  greater  amount  of 
water  was  none  too  much  under  the  conditions  present.  Xone  of 
the  tanks  was  cultivated  after  October  1. 

The  experiment  was  terminated  on  February  G,  1905.  the  final 
weighing  being  made  on  that  date.  Altho  all  of  the  plants  had  blos- 
somed, none  set  fruit.  When  cut,  those  in  tanks  1  and  2,  which  re- 
ceived in  all  20.10  inches  of  water,  averaged  3  feet  G  inches  in  height; 
those  in  tanks  3  and  4,  which  received  24.10  inches,  averaged  4  feet  2 
inches;  and  those  in  tanks  5  and  6,  which  received  respectively  32.85 
and  34.10  inches,  averaged  4  feet  11  inches. 
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As  no  beans  were  produced,  the  relative  yields  were  determined  by 
weighing  the  green  stalks.  The  average  weight  of  these  stalks  in 
tanks  1  and  2  was  3,352  grams ;  in  tanks  3  and  4,  4,281  grams :  and  in 
tanks  5  and  6,  4,547  grams.  In  other  words  tanks  3  and  4,  with  20 
per  cent  more  water  than  tanks  1  and  2,  produced  28  per  cent  more 
green  matter;  but  tanks  5  and  6,  which  received  70  per  cent  more 
water  than  tanks  1  and  2,  produced  only  36  per  cent  more  green 
matter. 

This  experiment  made  it  plain  that  the  horse  bean  requires  a  large 
amount  of  water,  also  it  shows  that  the  returns  from  applying  water 
diminished  after  a  certain  point  was  reached.  The  plants  should  have 
been  continued  in  growth  to  the  point  of  producing  seed,  if  irrigation 
had  been  continued.  Without  further  irrigation,  however,  nothing- 
could  have  been  expected,  as  the  supply  of  moisture  in  the  compara- 
tively small  amount  of  soil  inclosed  in  the  tanks  was  plainly  inade- 
quate. It  is  interesting  to  add  that  the  same  crop,  grown  in  nearby 
plats,  by  the  California  Agricultural  Experiment  Station,  from  Octo- 
ber 22,  1904,  to  July  21,  1905,  yielded  at  the  rate  of  1,650  pounds  of 
seed  per  acre  and  reached  a  height  of  6  feet. 

The  first  experiment  Avith  the  horse  bean  was  terminated  j^rior  to 
fruiting  to  make  way  for  a  second  experiment  with  the  same  crop, 
to  be  carried  on  during  the  spring  and  summer  rather  than  during  the 
fall  and  winter.  The  second  crop  was  planted  March  8,  using  the 
same  soil  as  in  the  first  experiment,  but  containing  at  the  start  only 
5.8  per  cent  of  free  moisture.  As  in  the  first  experiment,  eight  beans 
were  planted  in  each  tank.  Between  March  8  and  August  8,  when 
the  experiment  was  terminated,  the  rainfall  was  9.73  inches.  In 
addition  to  this,  tanks  1  and  2  received  1  inch  of  water,  tanks  3  and  4, 
17  inches,  and  tanks  5  and  6,  29.5  and  28  inches,  respectively,  the  two 
latter  tanks  receiving  these  amounts  in  nine  irrigations,  between 
March  8  and  July  13.  On  May  8  recent  rains  made  it  necessary  to 
remove  small  amounts  of  standing  water  from  tanks  5  and  6,  the  soil 
in  them  being  saturated  and  the  plants  beginning  to  turn  yellowish 
similarly  to  the  plants  in  some  of  the  tanks  during  the  first  experi- 
ment. Otherwise,  on  this  date  the  plants  all  showed  vigorous  growth, 
and  all  stood  about  2  feet  high,  with  a  few  blossoms  appearing.  On 
May  18  the  plants  in  tanks  5  and  6  were  clearly  losing  ground  from 
an  excess  of  water,  which  was  in  direct  line  with  the  intent  of  the 
experiment,  the  idea  being,  as  in  the  first  experiment,  to  give  two 
tanks  too  little  water  and  two  tanks  too  much.  On  June  6,  however, 
the  plants  in  tanks  1  and  4  were  badly  wilted  and  those  in  tanks  5  and 
6  showed  the  most  vigorous  condition.  Further  irrigation  was  given, 
tanks  5  and  6,  with  the  idea  still  in  mind  to  give  tanks  5  and  6  an  ex- 
cess. While  the  soil  in  tanks  5  and  6  was  kept  nearly  saturated  much 
of  the  time,  the  plants  had  reached  a  stage  where  they  seemed  able 
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to  nso.  either  beneficially  or  otherwise,  all  the  water  they  could  get. 
On  June  27,  the  plants  in  tanks  1  and  2  were  comiDletely  wilted  and 
dried  up.  those  in  tanks  3  and  4  were  again  beginning  to  show  a  need 
for  more  water,  while  the  plants  in  tanks  5  and  G  were  still  growing 
and  blossoming.  The  last  waterings  were  given  July  13,  prior  to 
which  the  plants  in  the  four  remaining  growing  tanks  were  wilting. 
Nothing  further  was  done  with  the  crops,  except  to  photograph  thein 
on  July  24,  and  to  take  the  final  weights  on  August  8,  weights  having 
been  taken  monthly,  as  in  the  first  experiment. 

Because  the  plants  of  the  second  experiment  were  left  standing 
until  the  seed  matured,  it  was  not  possible  to  directly  take  the  green 
weights  for  comparison  with  the  first  experiment.  However,  the 
dry  weights  were  taken  and  the  green  weights  estimated  therefrom. 

The  total  amount  of  water  received  by  tanks  1  and  2  in  the  second 
experiment  was  10.73  inches.  The  yield  in  green  matter  was  an 
average  of  404  grams  each.  Tanks  3  and  4  each  received  20.73  inches 
of  water  and  yielded  an  average  of  1,38(')  grams.  Tanks  5  and  G 
each  received  an  average  of  38.48  inches  and  yielded  an  average  of 
2,095  grams.  The  excess  of  water  received  by  tanks  3  and  4  over 
tanks  1  and  2  was  149  per  cent,  and  the  excess  of  yield  was  243  per 
cent.  Tanks  5  and  G  received  258  per  cent  more  water  than  tanks 
1  and  2  and  yielded  418  per  cent- more  green  matter.  The  yields  in 
beans  were,  none  for  tanks  1  and  2,  77  grams  each  for  tanks  3  and  4, 
and  92  grams  each  for  tanks  5  and  G. 

The  second  experiment,  as  the  first,  showed  that,  because  of  its 
heavy  foliage  and  its  consequent  large  transpiration  surface,  the  horse 
bean  uses  a  large  amount  of  water.  As  already  indicated,  the  tran- 
spiration ^\'as  at  several  periods  greater  than  the  amounts  applied  in 
irrigation.  This  deficiency  was  made  up  from  the  initial  moisture 
in  the  soil.  This  is  i)lain  by  a  comparison  of  the  amounts  of  water 
received  with  the  amounts  transpired  by  the  plants  and  evaporated 
from  the  soil.  In  the  summary  below  giving  these  comparisons  the 
amounts  of  water  applied  to  and  evaporated  from  uncropt  tanks 
and  the  yield  from  the  cropt  tanks  are  included. 

Comparison  of  amounts  of  water  applied  to  horse  hcans,  with  the  amounts 
lost  by  evaporation  and  tratispired  by  the  plants. 


Numbers  of  tanks. 

First  experiment. 

Second  experiment. 

Total 
water 
received. 

Total  net 
loss  dur- 
ing ex- 
periment. 

Yield  of 
green 
matter. 

Total 
water 
received. 

Total  net 
lo.ss  dur- 
ing ex- 
periment. 

Yield  of 
green 
matter. 

1  and  2  

3  and  4  

5  and  6  

Pounds. 
167. 50 
199. 85 
276. 25 
92.00 

Pounds. 
132. 87 
155. 22 
240. 50 
42. 25 

Grams. 
3, 352 
4,  281 
4,547 

Pounds. 
89.60 
223. 20 
321.81 
131.35 

Pounds. 
113.72 
240.  57 
316. 31 
95. 85 

Grams. 
404 
1,386 
2,095 
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This  summary  shows,  for  instance,  that  in  the  first  experiment 
240J  pounds  of  water  was  required  to  produce  the  4,547  grams  of 
green  matter  harvested  from  each  of  tanks  5  and  6,  and  tliat  in  the 
second  experiment  316.31  pounds  of  water  was  required  to  produce 
2,095  grams  of  green  matter  taken  from  the  same  tanlvs.  In  the  one 
case  this  was  equal  to  a  depth  over  the  surface  of  28.8  inches,  and  in 
the  other  of  37.8  inches.  How  much  of  the  water  was  actually  used 
by  the  jilants  and  how  miich  was  lost  by  evaj^oration  from  the  soil 
can  not  be  stated  positively.  While  bare  soil  tanks  were  run  in  each 
experiment,  and  the  net  loss  by  evaporation  for  the  season  determined, 
there  is  no  assurance  that  in  the  crop  tanks  all  above  that  amount 
actually  entered  into  the  life  processes  of  the  plant.  No  effort  Avas 
made  to  keep  the  moisture  content  of  the  bare  soil  equal  to  that  of 
the  crop  soil,  and  consequently  the  rate  of  evaporation  was  not  the 
same.  Also,  the  cvopt  soil  was  shaded  by  the  jDlants  while  the  bare 
soil  was  wholly  exposed  to  the  sun.  However,  assuming  that  the 
figures  obtained  are  approximately  accurate,  some  200  pounds,  or  24 
inches,  was  used  by  the  plants  in  tanks  5  and  6  in  the  first  experi- 
ment, and  some  220  pounds,  or  26  inches,  in  the  second  experiment. 
.  The  results  in  the  tanks  as  to  the  actual  amount  of  water  used  are 
only  partially  adaptable  to  field  conditions,  because  the  amount  of 
seed  planted  in  the  tanks  was  below  the  amount  that  would  be  planted 
in  the  field.  In  the  tanks  Avith  a  surface  area  of  1.58  square  feet  8 
beans  were  j)lanted,  or  5  per  square  foot.  Under  field  conditions  8  to 
12  per  square  foot  would  not  be  unusual  jDerhaps,  depending  upon 
whether  the  crop  is  intended  for  seed  or  green  manure. 

CONCLUSIONS. 

LOSS  or  WATER  BY  EVAPORATION"  AND  MEANS  OF  CHECKING  IT. 

The  experiments  reported  in  the  i3receding  pages  shoAv  that  the 
conditions  having  the  greatest  influence  on  evaporation  from  soils  are 
the  quantity  of  Avater  in  the  top  soil,  the  temperature  of  the  soil  and 
Avater,  and  the  Avind  movement.  All  of  these  can  be  controlled  to  a 
large  extent  by  the  irrigator  by  his  methods  of  applying  water  and 
by  subsequent  cultivation  of  the  soil.  The  application  of  the  Avater 
in  such  a  way  as  not  to  Avet  the  top  soil  decreases  the  quantity  of 
water  in  the  top  layer,  and  at  the  same  time  jjlaces  the  moisture  in 
the  soil  beyond  the  influence  of  Avind  moA^ements,  and,  to  a  con- 
siderable extent,  beyond  the  influence  of  the  high  temperatures  of 
unusually  hot  days.  The  daily  variations  in  temperature  almost 
disappear  at  a  depth  of  1  foot,  the  decrease  in  temperature  from  the 
surface  doAvn  being  A^ery  rapid  on  hot  days.  Records  kept  at  the 
Nebi'aska  Station  show  that  during  the  month  of  July,  1889,  the 
average  difference  in  temperature  at  noon  between  the  soil  at  depths 
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of  1  and  3  inches  was  8°  F.,  while  on  the  hottest  days  the  difference 
was  more  than  15°."^  The  records  at  Riverside,  Cal.  (see  p.  43),  show 
an  average  difference  in  the  temperature  of  dry  soil  in  the  sun  and 
dry  soil  in  the  shade  for  ten  consecutive  days  of  35°  F.  It  is  evident, 
therefore,  that  applying  water  at  depths  of  3  inches  or  more  below 
the  surface  reduces  greatly  the  temperature  to  which  it  is  subjected. 
Cultivation  after  irrigation  has  the  same  effect,  since  loose  earth  is 
a  poor  conductor  of  heat.  King  found  in  an  extreme  case  a  difference 
of  10°  in  temperature  at  the  depth  of  H  inches  between  adjacent 
soils,  one  of  which  was  compacted  and  the  other  loose.^  The  table 
on  page  42  shows  an  average  surface  temiDerature  of  over  134°  F.  at 
1  p.  m.  for  ten  consecutive  days.  Against  such  extremes  a  loose  soil 
mulch  is  a  very  effective  protection. 

The  experiments  did  not  include  the  measurement  of  evaporation 
losses  from  soils  at  different  temperatures,  but  that  from  water  sur- 
faces kept  at  different  temperatures  was  determined  (see  p.  45). 
Averaging  the  results  from  four  stations:  Decreasing  the  temiDera- 
tures  from  88.7°  F.  to  80.4°  F.  reduced  evaporation  20  per  cent ; 
reducing  it  to  73.5°  F.  decreased  evaporation  40  per  cent;  at  61.3°  F. 
the  decrease  was  67  per  cent,  and  at  53.4°  F.  it  was  85  per  cent. 
Expressing  the  results  of  these  experiments  in  tlaily  rate  of  evajiora- 
tion,  other  conditions  being  equal,  there  is  an  average  difference  in 
the  daily  evaporation  of  0.014  inch  for  each  change  of  1°  in  tempera- 
ture. That  is,  about  7°  reduction  in  temperature  decreases  evapora- 
tion from  a  water  surface  0.1  inch  per  day.  The  amount  evaporated 
from  soils  depends  on  the  wetness  of  the  soil,  but  the  proportionate 
saving  with  reductions  in  temperature  is  probably  as  great  as  that 
from  water  surfaces. 

This  points  to  the  possibilities  of  saving  by  applying  water  at 
night,  when  the  surface  soil  is  cool ;  by  aj^plying  it  at  sufficient 
depths  to  keep  it  from  coming  in  contact  with  the  hot  surface  layer  of 
soil,  and  by  frequent  cultivation  to  maintain  a  mulch  of  loose  soil, 
which  will  prevent  the  excessive  heat  of  summer  reaching  the  moist 
soil,  as  well  as  destroying  capillarity. 

The  following  j^aragraphs  give  a  quantitative  statement  of  the 
saving  of  Avator  by  the  various  means  just  mentioned: 

Cultivat'ton  after  irrigation. — From  soil  which  received  sufficient 
water  to  cover  it  to  a  dejith  of  12  inches  1.65  inches  were  evaporated 
in  the  fii'st  five  days  after  irrigation.  At  the  end  of  that  time  half 
of  it  was  cultivated.  During  the  next  six  days  the  loss  from  the 
inicultivated  soil  Avas  1.38  inches,  and  from  the  cultivated  soil  0.63 
inch,  the  saving  for  the  six  days  being  0.75  inch,  or  6.25  per  cent  of 

"Nebraska  Sta.  Rpt.  1890,  pp.  2(;-27. 
*  Physics  of  Agriculture,  p.  221. 
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the  water  applied.  In  a  second  experiment  the  depth  applied  was 
reduced  to  8  inches,  and  the  soil  in  one-half  the  tanks  Avas  cultivated 
at  the  end  of  three  days.  The  loss  for  the  first  three  days  was  0.84 
inch.  During  the  next  three  clays  the  loss  from  the  uncultivated  soil 
was  0.29  inch,  and  from  the  cultivated  0.1  inch,  the  difference  in 
favor  of  cultivation  being  0.19  inch,  or  2.38  per  cent  of  the  amount 
applied. 

Soil  mtdches. — From  soil  receiving  water  enough  to  cover  it  to  a 
depth  of  3.14  inches  the  losses  in  fourteen  days  were:  AVith  no 
mulch,  0.72  inch;  with  a  4-inch  mulch,  0.21  inch;  with  an  8-inch 
mulch,  0.1  inch;  and  with  a  10-inch  mulch,  0.03  inch.  Taking  the 
loss  with  no  mulch  as  a  basis,  the  saving  with  the  4-inch  mulch  was 
0.51  inch,  or  16.24  per  cent,  of  the  amount  applied ;  with  the  8-inch 
mulch  it  was  0.62  inch,  or  19.75  per  cent,  of  the  amount  applied ;  and 
with  the  10-inch  mulch  it  was  0.69  inch,  or  21.97  per  cent,  of  the 
amount  applied.  These  mulches  were  made  by  placing  dry  soil  on  top 
of  the  tanks  after  the  water  was  applied,  and  the  results  are  better 
than  can  be  secured  in  field  practice,  as  the  top  soil  is  always  more  or 
less  wet  when  fields  are  watered,  but  they  show  that  large  savings  can 
be  made  by  maintaining  soil  mulches  by  cultivation. 

Applying  water  in  furrows. — From  tanks  receiving  5.19  inches  of 
water  the  loss  in  ten  days  was  1.11  inches  when  water  was  applied  to 
the  surface;  Avhen  it  was  applied  in  3-inch  furrows  the  loss  was  0.99 
inch ;  with  6-inch  furrows,  0.94  inch ;  with  9-inch  furrows,  0.82  inch ; 
and  with  12-inch  furrows,  0.63  inch.  Taking  the  loss  from  the  surface 
application  as  a  basis,  as  before,  the  savings  were  as  follows :  Three- 
inch  furrows,  0.12  inch,  or  2.31  per  cent,  of  the  amount  applied;  6- 
inch  furrows,  0.17  inch,  or  3.28  per  cent,  of  the  amount  applied; 
9-inch  furrows,  0.29  inch,  or  5.59  per  cent,  of  the  amount  applied; 
12-inch  furrows,  0.48  inch,  or  9.23  per  cent,  of  the  amount  applied. 
Other  tanks  in  the  same  experiments  received  4.9  inches  of  water. 
The  loss  Avhen  water  Avas  applied  to  the  surface  Avas  1.34  inches,  and 
the  saving  Avhen  Avater  Avas  applied  in  the  3-inch  furroAvs,  0.15  inch, 
or  3.06  per  cent,  of  the  Avater  applied;  in  6-inch  furroAvs,  0.43  inch, 
or  8.77  per  cent.  In  all  these  cases  the  soil  Avas  cultivated  to  a  depth 
of  4  inches  on  the  third  day  after  the  Avater  was  put  on.  In  another 
experiment  lasting  thirty-fiA^e  days  the  soil  received  2  inches  of  Avater 
in  3-inch  and  in  12-inch  furrows.  The  loss  with  the  3-inch  furrows 
Avas  1.81  inches,  and  Avith  the  12-inch  furrows,  0.49  inch,  the  saving 
Avith  the  deeper  furrows  being  1.32  inches,  or  66  per  cent,  of  the 
amount  applied.  The  last  experiment  is  outside  the  limits  of  field 
practice,  as  such  light  irrigation  at  such  long  intervals  is  not  prac- 
ticable. 

Suhirrigation. — When  5.32  inches  Avas  applied  in  tubes  at  A^arving 
distances  below  the  surface  the  losses  in  a  ten-day  period  Avei-e  as  fol- 
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lows:  Three  inches  below  surface,  inches;  G  inches  below  the  sur- 
face 0.96  iiich;  9  inches  below  the  surface,  0.55  inch,  and  12  inches 
below  the  surface,  0.32  inch.  On  the  basis  of  the  loss  with  water  ap- 
plied at  3  inches  the  savings  were  6  inches,  0.38  inch,  or  7.14  per  cent ; 
9  inches,  0.79  inch,  or  14.85  per  cent;  12  inches,  1.02  inches,  or  19.17 
per  cent.  In  a  second  experiment  water  was  applied  to  check  tanks 
on  the  surface  and  to  other  tanks  thru  tubes  2  feet  below  the  sur- 
face. With  three  different  classes  of  soils  the  losses  in  twenty-six 
days  were  as  follows :  With  sandy  loam,  receiving  7.02  inches  of 
water,  the  loss  from  the  surface-irrigated  tanks  was  4.22  inches,  and 
from  the  subirrigated  tanks  0.74  inch,  the  saving  being  3.48  inches, 
or  49.57  per  cent  of  the  amount  applied.  With  a  sandy  soil  the  loss 
from  surface  irrigation  was  3.64  inches,  and  from  subirrigation  0.62 
inch,  the  saving  being  3.02  inches,  or  43.02  pev  cent  of  the  amount 
applied.  With  a  dark  loam  the  loss  from  surface  irrigation  was  5.63 
inches,  and  from  subirrigation  1.96  inches,  the  saving  being  3.67 
inches,  or  52.29  per  cent  of  the  water  applied.  While  subirrigation 
has  never  proven  satisfactory,  this  experiment  is  interesting,  as  show- 
ing the  large  saving  which  might  be  made  if  subirrigation  could  be 
made  practicable. 

All  the  records  show  that  the  larger  part  of  the  loss  occurs  in  the 
first  few  days  after  irrigation.  With  the  soil  mulches  put  on  after 
the  tanks  were  watered  and  with  subirrigation  the  moist  soil  is  pro- 
tected during  the  first  days  when  evaporation  is  heavy.  This  accounts 
for  the  high  percentages  of  saving  under  tliose  two  methods. 

The  experiments  which  have  a  direct  l)euring  on  present  practise 
in  irrigation  are  those  testing  the  effects  of  cultivation  after  irriga- 
tion and  of  applying  water  in  furrows  of  ditferent  dej^ths.  As  shown 
above,  the  saving  in  a  six-day  period  by  cultivation  was  6.25  per 
cent  of  water  applied ;  and  in  another  experiment  where  less  water 
was  applied  the  saving  in  a  three-day  period  was  2.38  per  cent  of  the 
water  applied.  In  both  instances  the  heaviest  losses  occurred  between 
the  time  of  applying  the  water  and  the  time  when  the  soil  was  dry 
enough  to  cultivate.  The  maximum  saving  shown  by  the  furrow 
experiments  was  9.23  per  cent  of  the  amount  applied,  the  experiment 
covering  ten  days.  The  curves  given  in  figure  3  show  that  the  dif- 
ference in  the  losses  with  mulches  of  different  thickness  practically 
vanishes  in  ten  or  twelve  days,  and  it  is  probable  that  9.23  i^er  cent 
fairly  represents  the  saving  which  can  be  made  by  applying  water  in 
deep  furrows  rather  than  on  the  surface. 

Another  point  forcibly  brought  out  by  the  experiments  is  the  large 
loss  when  water  is  applied  in  frequent  light  irrigations.  This  practise 
keeps  the  water  always  exposed  to  the  conditions  causing  the  largest 
evaporation.  Unless  the  nature  of  the  soil  or  of  the  crops  demands 
such  irrigations  much  water  can  be  saved  by  irrigating  less  often. 
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WATER  KEQUIREMENTS  OF  CROPS. 

In  one  experiment  Avith  wheat  at  Tulare,  in  which  the  maximum 
amount  of  water  applied  was  24  inches,  the  yield  increased  with  the 
quantity  of  Avater.  In  a  second  experiment  in  which  the  maximum 
quantity  of  27  inches,  the  maximum  yield  was  secured  from  the  use 
of  18  inches,  the  decrease  from  this  maximum  dvie  to  the  use  of  27 
inches  being  50  per  cent.  These  experiments  lead  to  the  conclusion 
that  18  to  24  inches  is  the  best  amount  of  water  to  apply  to  wheat 
vinder  conditions  similar  to  those  at  Tulare. 

In  an  experiment  with  barley,  also  at  Tulare,  the  tanks  received  7, 
12,  15,  20,  and  24  inches.  With  one  exception  the  yields  increase 
with  increased  amounts  of  water.  In  a  second  experiment  the  amounts 
of  water  applied  were  12,  18,  and  27  inches;  the  maximum  yield  was 
secured  from  the  use  of  18  inches,  and  the  minimum  from  the  use  of 
27  inches.  The  experiments  show  that  barley  requires  about  the  same 
amounts  of  water  as  wheat,  18  to  24  inches  producing  the  best  results. 

In  two  experiments  with  horse  beans  at  Berkeley,  in  which  the 
maximum  quantity  of  water  aj)plied  AA'as  38  inches,  the  yields  in- 
creased as  the  amount  of  water  applied  increased,  showing  that  horse 
beans  can  make  use  of  large  amounts  of  water. 
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